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Preface - 


IG he primary aim of presenting the book “Programming Principle and Algorithm 

(BCA-S 102T, 15t semester)” is to meet the requirement of B.C.A. students of Uttar 
Pradesh. The subject matter has been presented in an easy comprehensive manner, logical 
sequence using simple language and to provide a detailed exposition of the fundamentals. 


The book consists of 7 Chapters providing a comprehensive coverage of courses prescribed 
by Uttar Pradesh Unified Syllabus. A large number of theoretical exercises and 
numerical problems, all of degree standard, have been included in the text for the benefit of 
students. 


As the syllabus has suddenly been changed and made by Uttar Pradesh Govt.. It has been 
our endeavour to present the subject with 100% covered syllabus in simplified and 


systematic manner. 


Every care has been taken to eliminate misprints, omissions and errors but it is too much to 
expect that no misprint, error has crept in and the author would be graceful to the readers 
for bringing to his notice any such error/misprint/omissions they may come across while 
going through the book. 


The author shall feel satisfied if the book meets the need of the students for whom it is 


meant. Suggestions and criticism for the improvement of the book shall be welcomed. 


The author will like to thank all the Scientists and Authors whose work have been the 
source of enlightenment, inspiration and guidance in the presentation. 


Paritosh Kumar Bansal 


e-mail :- paritoshbansal_2000@yahoo.co.in 
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Overview of C and Data Types 


1.1 Introduction 


The ‘C’ programming language was originally developed for and implemented on the 
UNIX operating system, on a DECPOP-11 by Dennis Ritchie. One of the best features of 
C is that it is not tied to any particular hardware or system. This makes easy for a user to 
write programs that will run without any changes on all machines practically. C is often 
called a middle level language as it combines the elements of high level languages with the 


functionalism of assembly language. 


1.2 \WWhat is C? 


C is a programming language developed at AT&T’s Bell Laboratories of USA in 1972. It 
was designed and written by a man named Dennis Ritchie. In the last seventies, C began to 
replace the more familiar languages of that time like PL/I, ALGOL etc. No one pushed C. It 
was not made the “official” Bell Labs language. Thus, without any advertisement, C’s 
reputation spread and its pool of users grew. Ritchie seems to have been rather surprised 
that so many programmers preferred C to older languages like FORTRAN or PL/I, or the 
newer ones like Pascal and APL. But that’s what happened. 
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Computer programs are written in computer languages. Over the years many computer 
languages have come into existence. Each computer language is different from other but it 
has its own advantages and disadvantages and suits well for automating a particular type 


of task C, C++, Java, Visual Basic etc. are few examples of popular computer languages. 


The process of writing computer programs is called programming. Programming requires 
knowledge of computer language and aptitude for programming. In practice, many 
popular tools and techniques are followed for writing correct, efficient and maintainable 


programs. 


The set of instructions that is required to perform a given task is called a Program or 


Computer program. 


Computers are basically dumb devices. They cannot do anything on their own, be it their 
internal tasks or user’s applications. They require step-by-step instructions, for 


performing the task. 

The portability of the compiler. 

The standard library concept. 

A powerful and varied repertoire of operators. 
An elegant syntax. 


Ready access to the hardware when needed. 


Oy ee ae Oe 


And the ease with which application can be optimised by hand-coding isolated 


procedure. 


1.2.1 Characteristics of C 


C has become a popular programming language because of its many features. The 


important characteristics of C are: 

C is a general purpose programming language. 

C is a structured programming language. 

It has rich set of operators. 

It provides compact representation for expression. 

It allows manipulation of internal processor registers. 


No rigid format. Any number of statements can be typed in a single line. 


DE gr pr Be ON oe 


Portability: Any C program can run on different machines with little or no 


modifications. 
8. Supports a rich set of data types. 
9. Very less number of reserved words. 
10. Pointer arithmetic and pointer manipulation. 
11. Ability to extend itself by adding functions to its library. 


OO 
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1.2.2 Application of C 
Because of its portability and efficiency, C is used to develop system as well as an 


application software. 


1. System software 


(i) Operating System (ii) Interpreters 
(iii) Compilers (iv) Assemblers 
(v) Editors (vi) Loaders 


(vii) Linkers 
2. Application software 
(i) Database system (ii) Graphics packages 


(iii) Spreadsheet (iv) CAD/CAM applications 


1.3 Program Development Life Cycle 


Program development is not a single activity but a multi-step process. Each step comprises 
of specific type of activities. All the steps of program development put through are often 
referred to as Program Development Life Cycle. Steps of program development life 
cycle are listed below: 

Understanding the problem 

Planning a solution 

Coding 

Editing, compiling and executing 


Debugging 


Ose St Oe ee S a 


Documentation 


1.3.1 Understanding the Problem 
Before we describe the activities of this phase, let us first understand, what is a Problem ? 
Any task that is to be performed using computer is called Problem in computer 


technology. 


For writing a program, you have to understand the problem first, unless you understand 


the problem clearly you will not be able to write the program. 


Once you have studied the problem in detail and gathered all the information, which is 
sufficient for writing the program, you can move to the next step of program development 


life cycle i.e., planning the solution. 


— — ~ 
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1.3.2 Planning the Solution 
Planning the Solution means finalizing all those steps that are to be carried out for solving 
the problem. This step is often referred to as algorithm development or logic development 


phase. 


In algorithm development phase, all the steps following which the problem will be solved 

are written on paper, in simple English like sentences. In order to understand the activities 

of this phase you will have to identify the following: 

1. What are the minimum number of inputs that are required for the solution and how 
data will be accepted within the program ? 

2. Howwill other information gets generated or you can say, how processing will be done ? 


3. How and where printing will be done and what methods will be required for generating 
the desired output ? 

4. If the data has to be processed for many identities then you will have to decide the 
strategy for repeating the steps. For repeating the steps, you will have to form a loop by 
incorporating suitable conditions, using which loop executes as many times as required 


and after that it breaks for finishing the task. 


1.3.3 Coding 


Refer all above mentioned steps and note that these steps are simply a plan on paper for 
attaining a solution, not the exact solution. The exact solution has to exist in the form of 
commands written in computer language. While planning the solution above mentioned steps 
are written in general English. In the coding phase of programming cycle, you have to translate 
the steps of solution plan into computer language. These translated steps in the form of 


computer language are called “Program” and this procedure of translation is called “Coding”. 


1.3.4 Editing, Compiling and Executing 

In this phase, program is written on computer using a text editor. After entering the 
program it is compiled so that the sentences of the program gets converted into machine 
language. When the program has been compiled you have to execute the program. When 
you execute the program, all the steps of the program come into action and produce the 


result accordingly. 


1.3.5 Debugging 

Newly developed program may have few error in it. These errors can occur due to various 
reasons. Either you may have forgotten some of the steps or you may have performed 
wrong operations or you may have used wrong logic in the program. All such types of 
errors have to be found out in the program and corrected so that the program gives correct 
results. The process of finding mistakes in the program and correcting them is called 
Debugging. 
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1.3.6 Documentation 

A correct program is of very little use, unless it is supported by full description in writing. 
Detailed description of the program is called documentation. Program documentation is 
done with two objectives: 

1. is to enable the user to operate the program correctly and 

2. is to enable the other person to understand the program. 


So that if necessary, he could modify or correct the program. 


1.4 Compiling and Executing a C Program 


Once you have written the program you need to type it and instruct the machine to 
execute it. To type your C program you need another program called Editor. Once the 
program has been typed it needs to be converted to machine language (0’s and 1’s) before 
the machine can execute it. To carry out this conversion we need another program called 
Compiler. Compiler vendors provide an Integrated Development Environment (IDE) 


which consists of an Editor as well as the compiler. 


There are several IDEs available in the market targeted towards different operating 


systems. 


Assuming that you are using a Turbo C compiler here are the steps you need to follow to 
compile and execute your first C program. 

l. Start the Compiler at C:/> prompt. The compiler TC.EXE is usually present in 
C:\tc\bin directory. 

Select New from the File menu. 

Type the program. 

Save the program using F2 under a proper name. 


Using Ctrl+F9 to compile and execute the program. 


Go pa ak a 


Use Alt+F5 to view the output. 


1.4.1 C Instructions 

There are basically three types of instructions in C: 

1. Type Declaration Instruction: To declare the type of variables used in a C program. 

2. Arithmetic Instruction: To perform arithmetic operations between constants and 
variables. 

3. Control Instruction: To control the sequence of execution of various statements in a 


C program. 
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1.5 Data Types and Storage Classes 


Communicating with a computer involves speaking the language the computer 
understands, which immediately rules out English as the language of communication with 
computer. However, there is a close analogy between learning English language and 
learning C language. The Classical method of learning English is to first learn the 
alphabets or characters used in the language, then learn to combine these alphabets to 
form words, which in turn are combined to form sentences and sentences are combined to 


form paragraphs. Learning C is similar and much more easy. 


Steps in learning English language: 


Alphabets | ——> > ——> | Paragraph 


Steps in learning C: 


Data types, 


Constants, Variable,] ——>| Instructions | ——>] Program 
Keywords 


Fig. 1 


Therefore, instead of straight-away learning how to write programs, we must first know 
which alphabets, numbers and special symbols are used in C, then to know how these data 
types, constants, variables and keywords are constructed and finally how these can be 
combined to form an instruction. A group of instructions would be combined to form a 


program. 


The programming language is an art of writing instructions to provide the desired 
information. The data processing requires a set of data for input or output. A character is 


any value that can be represented in the computer’s alphabet. 


1.6 Character Set 


A character denotes any alphabet, digit or special symbol used to represent information. 


Following table shows the valid, alphabets, numbers and special symbol allowed in C. 


Alphabets A-Z, a-z 
Digits 0, 1, 2,3, 4,5, 6, 7, 8,9 
Special symbols —*,1@4,% 7*,&'05+=\|,0, 055 <,>,2./ 


Se 
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1.7 Data Types 


It is almost impossible for a programmer to talk for two minutes about computing without 
saying “data” in one context or the other. There are data types, data objects, data 
structures, data flow, data bases, data corruption, data validation and so on, all of which 


are parts of data processing. 


There are two fundamentally different types of data in C program i.e., integer point and 


floating point. 


char a character 


int an integer 


float a floating 


double a double precision real number 


void value less 


These data types put together are often known as “Primary” data types. Several other 
data types can be derived from these primary data types. Such data types are known as 


“Secondary” data types or “Derived” data types. 


[Daa Toe] 


Primary Data Types Secondary Data Types 


Character Array, 
Pointer, Structure 


Union, Enum cte. 


Integer 
float, double,void 


Fig, 2: Type of Data Types 


In C, the data types are categorised into: 
1. Built in data types 

2. Derived data types 

3. User defined data types 


1.7.1 Integer 


Integer represent in C > int 


This is a keyword used to indicate an integer number. Any integer number is a sequence of 
digits without a decimal points. The range of integer (int) depends on the word length of 
the computer. Here, word length means the number of bits that can be accessed at a time 
by the processor, if your computer is an 8-bit computer, then the range of integer (int) is 


given by 


— —— ~ 
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— 128 < = integer number < = 127 
That is, for an 8-bit computer the maximum integer that can be input is — 128 to 127. 


Similarly, a 16-bit computer handles the integers from - 32, 768 to 32, 767. Some of the 


valid and invalid integer are listed below: 


Valid Invalid 
— 2438 3,333 (common not allowed) 
14020 — 34.0 (decimal point) 
28297 + 2,361.7 (comma and decimal point) 
1977 999999 (out of range) 
1.7.2 Float 


Floating represent in C > float 

This is a keyword used to indicates a floating point number. The floating point numbers 
are same as real numbers. They are called floating point because of the shifting of the 
decimal point either to the left or to the right of some digits during manipulation. These 
number may be expressed either in decimal form or scientific notation. The scientific 
notation is also called mantissa-exponent notation. The following list shows some of the 


valid and invalid floating point numbers. 


— 263.283 0, O (no comma is allowed) 
2.63238 E + 12 — 2.2.2 (no two decimal point) 
0.0263238 E + 0.04 — 99999.9999 (out of range) 


28323.8 E-0.02 — + 22.22 (no two successive operators) 


The mantissa-exponent notation is chosen, when the given data is too big or too small. 


12 x107!! or 12 E-11 > this is mantissa-exponent form. 


1.7.3 Char 
This is a keyword used to indicate the character type data. The data may be character 
constant or a string constant. A character constant can be defined as any single character 


enclosed within a pair of apostrophes. 


A character type data taken 8-bits for storage. The character constant may be signed on 


unsigned. 


The signed character have values in the range — 128 to 127. The unsigned character have 
values in the range 0 to 255. Each character has an integer value. This value is given by the 
ASCII (American Standard Code for Information Interchange) character set. 
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1.7.4 Double 


This is a keyword used to indicate a double precision floating point number. The precision 
is associated with the accuracy of data. It is used whenever more accuracy is required in 
representing the floating point number. Normally, it is equivalent to float, but the number 


of significant digits stored after the decimal point is double than that of the float. 


The float usually stores maximum 6 digits after the decimal point. But double stores 16 


significant digits after the decimal point. 


Floating Point Double Floating Point 


239.000000000 239.0000000000000000 


— 0.000000301 0.0000000000000001 
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1.7.5 Backslash Space 


A backslash constant is a combination of two characters in which the first character is 


always a (\) backslash. And the second character can be any one of the character 


Sy De Eo Ti Conana and 0. 


The backslash character constants are also called escape sequences. The backslash 


constant are used in output statements. 


System alarm (bell) 
Back space 

Form feed 

New line 

Carriage return 
Horizontal tab 
Vertical tab 


Double quote 


Apostrophe 


Null character 


Backslash character itself 


1.8 Data Type Modifier 


The basic data types except void can be modified using a series of type modifiers to fit the 
requirement of a particular program more closely. To have an accuracy for a real number, 


we are using double data type. 


These modifiers are also called qualifiers. They are: 


1. Signed 

2. Unsigned 

3. Long 

4. Short 

1.8.1 Signed 


This can be applied to integer variables. The default declaration assumes a signed number. 
The signed modifier can also be applied with a char data type, to create a small integer. In 
some implementations char is unsigned, meaning that it can hold the numbers in the 
range — 128 to 127. 
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1.8.2 Unsigned 


This can be used for both integer and character. It is used to create an unsigned integer and 
it can also be used in combination with long or short. The high order bit of a signed integer 


is used as a signed flag. If the high order bit is zero, then the integer is treated negative. 


1.8.3 Long 

This is applied to int data type. When applied to int, it essentially doubles the length in 
bits of the data type that it modifies. If an int is of 16-bits, then long int is of 32-bits. 
Similarly, this can be used with double. When long is applied to double, it roughly doubles 


the precision. 


1.8.4 Short 


This makes the size of an int half, but most compilers have 16-bit ints and since ANSI 
(American National Standard Institute) requirement is that the smallest acceptable size 
for int is 16-bits. Most of the systems, provide size of a short int as that of int. The 


essence of different data modifiers is given in below table 


Type Modifiers Size (bytes) Range of Values 


int 

signed int 
unsigned int 
short int 

long int 

float 

double 

char 

unsigned char 
unsigned short int 


unsigned long int 


long double 


— 32768 to 32767 

— 32768 to 32767 

0 to 65535 

— 32768 to 32767 

— 2147483648 to 2147483647 
-3.4 E + 48 to3.4E-48 

— 1.7 E + 308 to 1.7 E 308 

— 128 to 127 

0 to 265 

0 to 65535 

0 to 4294967295 

—3.4 E- 4832 to 1.1 E + 4932 


14 Programming Principle & Algorithm 


1.9 C Tokens 


A smallest individual unit of a C program is known as token. We can code a C program 


using the tokens and its syntax rules. Figure shows the six types of C tokens 


Keyword | [Identifiers | | Constant | | Strings | [Special Symbol] | Operators 


Fig. 3: Different Type of C Tokens 


1.9.1 Keywords and Identifiers 


A word in C is named either a keyword or an identifier. 


1.9.1.1 Keywords 


Keywords are those words whose meaning have been fixed and is known to its compiler, 
we cannot change the meaning of the keywords, if we try to do so an error message will 
occur. Keyword or reserved words form the basic building block in the formation of C 


statements. 


In C language some words are reserved for specific task. They carry special meaning for C 
compiler. Thus, these words should not be used as identifiers. These reversed words are 


called keywords. 


Every word in a C program is either a keyword or an identifier. All keywords are basically 
the sequence of characters that have one or more fixed meanings. And these meanings in 
any circumstances, cannot be changed. All C keywords must be written in lowercase 
letters. Because in C both uppercase and lowercase letters are significant. The table shows 
all the keywords supported by the ANSI in C: 


auto short signed if 


break struct switch return 
case unsigned void static 
char continue default union 
const else enum while 
double for goto 

float long register 

int volatile sizeof 


do extern typedef 
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1.9.1.2 Identifiers 


Identifiers are used for naming program elements i.e., variables, symbolic constants, 


functions and arrays. These are defined by the user. The user should try to give meaningful 


names while using identifiers so that the program can be understood with minimum 


difficulty. The following rules should be followed when an identifier is named: 


1. 
2 


An identifier must begin with a letter and must be followed by letters or digits. 
Understanding (‘_’) is permitted and considered as a letter. It is used for better 
understanding of the identifier name. 

Name of an identifier cannot be anything out of the reversed words. 

The C language is case sensitive. Thus, the name SUM and sum are different 
identifiers. Generally lower case letters are used for variable names, functions names 
and uppercase letters are the symbolic constants. 

The ANSI (American National Standard Institute) for C compiler allows at least 31 
characters in an identifier name. It is a good practice to have identifiers with few 
letters, upto 8 letters is generally preferred. 


Identifiers are basically the names that are used for identifying an entity. These entities 


can be anything like variables, functions etc. 


The rules that apply on identifiers are as follows: 


1. 
2. 
3; 


An identifier can consist of alphabets, digits and or underscore. 
It must not start with a digit, however it can start with underscore. 


C is case sensitive so ROL and Rol will differ from each other. 


Identifiers are the name given to the program elements such as variables, arrays and 


functions. Basically, identifiers are the sequence of alphabets and digits. 


1.9.1.2.1 Rules for forming Identifier Name 


Oy ee a 


The first character must be an alphabet or an underscore. 

All succeeding characters must be either letters or digits. 

Uppercase or lowercase identifiers are different in C. 

No special character or punctuation symbols are allowed, except the underscore. 
No two successive underscores are allowed. 


Keywords should not be used as identifier. 


1.9.1.3 Constant 


Data items that do not change their values while the program executes, are called 


constants. C allow the following types of constants: 


E 
2; 


Integer constants 


Character constants 


> 
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3. Floating point constants 

4. String constants 

Constants in C program can be defined as follows: 

const data type variable name = values; 

Following are few valid constant declaration: 
const int speed = 75; 


const distance = 100.55; 


const char = ‘A’; 


C language supports integer constants, floating point constants, character constants and 
string constant. 


In C, all the data processed by a program is stored either as a variable or a constant. 


Constants are the data items that never change their value during the program execution. 


C constant can be divided into two categories: 


[E constants ] 


Numeric constants Character constant 


Integer constant and 


Single character constant 


floating point constant and string constant 


Fig. 4: Different Type of C — Constant 


Constants refer to fixed values that do not change during the execution of a program. A 
constant is usually just the written version of a number. 


For example: 1, 0, 573, 12.5E9 


The data processing requires a set of data to be input or output. This data may be a 
number or a string of characters. The programmer will decide what type of data is required 
to solve the given problem. The quantity which does not change during the execution of a 


program is known as constant. 


1.9.1.3.1 Integer Constants 


These are whole numbers without any fractional part. The following values are followed 
for constructing integer constants: 


1. It must have at least one digit. 
It must not contain a decimal point. 
It may either have + or - sign. 


When no sign is present it is assumed to be positive. 


A oe 


Commas and blanks are not permitted in it. 


OO 
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Integer values that do not change during the course of the program are termed as integer 


constant. 


An integer constant is a whole number. It is a sequence of digits without a decimal point. It 


is prefixed with a plus or minus sign. The general form of an integer constant is: 


where, sign > optional plus sign for positive numbers and minus sign for negative 
numbers. 


digits => a sequence of digits. 


For example: 0, -10, 276, 5968, 32767, — 230 


1.9.1.3.2 Floating Point Constants 


Those real values, which do not change during the course of the program are called floating 


point constants. 


These have fractional parts to represent quantities like average, height, area etc. which can 


not be represented by integer numbers precisely. 


These may be written in either fractional form or exponent form. 


A real constant could be written in the following form: 
|sign| [integer] * [fractional] or [exponent] 


where, the integer part or the fractional part may be omitted but not both. 


The following rules are followed for constructing real constants in fractional form: 


1. A floating point constant in fractional form must have at least one digit before and 


after the decimal point. 
2. It may either have + or — sign. 
When no sign is present, it is assumed to be positive. 


Commas and blanks are not permitted in it. 


The exponents form consists of two parts: mantissa and exponent. These are usually 
used when constant is either too small or too big. But there is no restriction for us to use 


exponential form for other floating constants. 


The following rules are followed for constructing real constants in exponent form: 
1. The mantissa and exponent are exponented by E. 

2. The mantissa must be either an integer or a proper real constant. 

3. The mantissa may, have either + or — sign. 
4 


When no sign is present it is assumed to be positive. 


> 
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You can declare floating point variable using the keywords floats or double. The float type 
occupies four bytes of storage and can express a float-point value in the range 3.4E — 38 to 


3.4E+38. This type has seven-digit precision. 


The double-type occupies eight bytes of storage and can express a floating point value in 
the range 1.7E - 308 to 1.7E + 308. This type has fifteen-digit precision. 


A floating constant is a number with a decimal number. It is defined as a sequence of digits 
preceded and followed by the decimal point. They may have a prefixed plus or minus sign. 


The general form of a floating point or real constant is: 


sign | integer part | decimal point | fractional part 


where sign > optional plus or minus sign 
Integer part — a sequence of digits before decimal point 
decimal point > period symbol 


fractional part > a sequence of digits after the decimal point 


These real values, which do not change during the course of the program, are called 


Floating point constant 


Example: 
0.1 345.01 0.98 
2E-—5 0.60 E- 28 396E + 27 


1.9.1.3.3 Character Constant 


The character type (char) occupies one byte of storage and can express a whole number in 


the range of — 128 to 127. Unsigned character have a range of 0 to 255. 


These consists of a single character enclosed by a pair of single quotation marks. A 
character value occupies 1-byte of memory. A character constant cannot be of length more 
than one. 
“A? ‘9? s üy 

Here the last constant represents a blank space. The character constant ‘9’ is different 
from the number 9. Each character constant has an ASCII value associated with it. For 
example, the following statements will print 65 and A respectively. 

printf("%d" A); 

printf("%c", 65); 


Arithmetic operations on characters are possible due to the fact that each character 


constant associates an integer value with it. 


oe— ~ 


Overview of C and Data Types 19 


A character constant is a single character, enclosed in single quotes. Following are 


examples of character constants: 
A, P, 37 H, @ 
Note: Following are invalid character constants: 


‘AB’ (has two character) 


‘100’ (has three character) 


Note: Characters are internally represented as numerical values in computers. A complete 


chart of these values is given in annexure-I. 


1.9.1.3.4 Non-Printable Character Constant 

Note that A, B, C, D, 17, 9 etc. are printable characters, they physically appear on the 
screen when you either type them or print them through program. But apart from these 
characters, there exist various characters, which can not be seen, but when printed they 
produce special effects. In C language a backslash on left hand side of the character 


represents these characters. 


Few examples of non-printable characters are given below: 


new line Puts the cursor in next line 


bell Gives a beep sound 


backspace Takes the cursor back by one space 


tab Takes the cursor to next tab position 
form feed Ejects a paper on printer 


null Returns null values 


1.10 Variables 


Variables are basically memory locations, which hold some value in them. They are always 
assigned a unique name for identifications. When you refer a variable, in the program, you 


basically access its contents. 


In C, a variable is an entity that may be used to store a data value and has a name. 
Variables names are names given to different memory locations that store different kind of 
data. All C variables must be declared in the program before their use. The value associated 


with a variable may vary during program execution. 
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The quantity that changes during the execution of a program is called a variable. The 
variables are the names given to identify the specific program elements. Therefore, 
variables are also called as identifiers. The variable represent a particular memory location 
where the data can be stored. They are used to denote constants functions, arrays, fields of 


structures, name of files etc. 


1.10.1 Rules for Forming Variable Names 

The first character of a variable name must be an alphabet or an underscore (_ ). 
All succeeding characters consists of letters and digits. 

Both uppercase and lowercase variables are significant in C. 

Writing the variable name in lowercase is a good programming practice. 
Keywords should not be used as variables. 

Special characters are not allowed. 


There is no limit on the number of characters in a variable name. 


Ga Oy te eh ty a 


Always choose an appropriate variable name that makes proper sense to the user. 


There are some example of valid and invalid variables shown below: 


Valid Variables Invalid Variables 


Saurabh Sop 


total_salary Total salary 
ao J a-o-J 
num [50] % 


1.10.2 Declaration of Variables 


As stated earlier, all variables in a C program must be declared before their use. The type of 
the variables must be specified at the beginning of the program. The variables are called 
symbolic variables because these are named locations. The declaration of a variable in C 


inform about: 
1. The name of variable. 


2. The type of data to be stored by the variable. 


Following are the examples of type declaration statements: 
int i, j; 
float x, y; 


char choice; 
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There are two values associated with a symbolic variable: 
1. Data value, stored at some location in memory. It is sometimes referred to as a 
variables r value. 


2. Location value the address in memory where the data is stored. It is sometimes 
referred to as a variable’s | value (pronounced ‘el-value’). Figure illustrates the concept 


of r value and | value. 


Data Value of Variable 


Memory Variable’s Name 
Address 
2061 _ |r value i = 50 
! 1 value i = 2062 
2062 50 
2063 
2064 
. |r value j = 77 
2065 w 1 value j = 2065 


The r value and | value of a variable 


A meaningful name given to a variable always helps in better understanding of the 
program. A variable can be used to store a value of any valid data type. The general syntax 


for declaration of a variable is given below: 


type varl, var 2, ........ var n; 


All the variable must be declared before they are used in the program. The purpose of 
declaring variables is to reserve the amount of memory required for these variables. The 


declaration is made in the declaration part of the C program. The syntax for declaring a 
variable is as follows: 


where, Data-type — Basic data type such as int, float, char or double. 


var list > One or more variables of type, Data-type. And these variables must be separated 


by commas. 


Semicolon — delimiter of this declaration. 
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Example: 


BN yo e 


int num l, num 2; 
float area; 

char choice; 

double density; 

int a, b,c; 

float P, X, Y, n [30]; 


Exercise 


Who invented C language ? 

Which operators are used for multiplication and division in C language ? 
How do you denote Not equal to operation in C language ? 

Write a statement, showing the use of conditional operator. 


Name any four basic data types available in C language. 
What are C tokens ? Describe different types of token available in C language. 
Describe different data types available in C language. 


Differentiate between integer, char, signed and double data types and tell the 


difference between short and long integer. 

Write at least four advantage and disadvantage of using C language ? 

Describe the general structure of a C program ? 

Distinguish between string constant and character constant. 

What is the range of int, float, unsigned and signed char for a 16-bit computer ? 
What is a data type ? Explain the four basic data types of C. 

Differentiate between constants and variables. 


Distinguish between keywords and identifiers in brief. 


uuna 


Unit 
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Operators and Preprocessor 


2.1 Introduction 


Operators are the verbs of a language that help the user perform computations on values. 
C language supports a rich set of operators. To carry out the basic arithmetic operations 
and logical operations, operators are needed. Operators, act as connectors and they 
indicates that which type of operation is being carried out. The value that can be operated 
by these operators are called operands. Different types of operators are: 

. Unary Operators 

. Arithmetic Operators 

. Relational Operators 

. Logical Operators 

. Assignment Operators 


. Conditional Operators 


ND UW fF WN 


. Bitwise Operators 


2.1.1 Unary Operators 


C has a class of operators that act upon a single operand to give a new value. These type of 
operators are known as unary operators. Unary operators generally precede their single 


operands, though some unary operands are written after their operands. 


— 
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2.1.1.1 Unary Minus 


The most common unary operation is unary minus, where a minus sign precedes a 
numerical constant, a variable on an expression. In C, however, all numeric constants are 
positive. Thus, a negative number is actually an expression, having the unary minus 
operator, followed by a positive numeric constant. The unary minus operation is totally 


different from the arithmetic operator which means subtraction (-). 


Any positive operand associated with unary minus operator gets its value changed to 


negative. 


For example: 


1. Let a=6 
b=8 
c=a+ (-b) 
=6 + (-8) 
=-2 


Here, c = —2, because b was initially a positive integer variable, when operated by a unary 


minus gets its value changed to negative. 


2. -537 
- (a+b) 
-5* (a+b) 
— disc 
-05 
-3E -7 


2.1.1.2 Binary Operators 


These operators acts upon two operands, hence, the name binary. The binary operators 


are further classified into four categories: 


Binary operators 


Arithmetic Logical Relational Bitwise 


operators operators operators operators 


Fig. 1: Different types of Binary operators 
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2.1.2 Arithmetic Operators 


Arithmetic operators are used for performing most common operations of mathematics 
like addition, subtraction etc. Normally, these operators are considered as basic operators 
and known as binary operators as they require two variables to be evaluated. The 
parenthesis () are used to clarify complex operations. The operators + and — can be used as 
unary plus and unary minus arithmetic operators also. The unary — negates the sign of its 
operand. Arithmetic operators are used to perform the basic arithmetic operations. Here, 
the lowest number indicates the highest priority and highest number indicates the lowest 
priority. The priority indicates which term is to be evaluated and associativity indicates 


the order in which the terms are evaluated. This is either from left to right. 


C language does not provide an exclusive exponential operator. This can be performed by 


pow(), which is a library function. The modulus operator is added to the list of C 


arithmetic operators. It is used for finding the remainder after an integer division. 


Addition Left to Right 
Subtraction Left to Right 
Multiplication Left to Right 
Division Left to Right 
Modulus Left to Right 
Example: int x, y; 
YSJ 
J =3; 


then 1l. x+ p=54+3=8 (Addition) 
2. x- y=5-3=2 (Subtraction) 
3. x*y=5*3=15 (Multiplication) 
4. x/y=3/3=1 (Division) 
5. x% y=5%3=2 (Remainder) 
2.1.2.1 Arithmetic Expression 


An expression consisting of numerical values (either any number, variable or even some 
function call) joined together by arithmetic operators is known as an arithmetic 
expression. When two or more arithmetic constants or variables or functions are 


combined together, using arithmetic operators they form an arithmetic expression. 


28 Programming Principle & Algorithm 


An expression is a sequence of operands and operators that reduce to a single value. The 
given mathematical expression should be converted to C equivalent expressions, because 
C language grammar does not accept the general representation of mathematical 
expressions, and uses only the symbols provided in the C character. To understand the 
concept, assume that there are two integer variables p = 25 and q =7. Using these variables 


following expressions can be formed: 

1. p+ q This expression will give 32 

2. p-q This expression will give 18 

3. p* q This expression will give 175 
4. p/q This expression will give 3 

5. p% q This expression will give 4. 


Following Table Illustrates few more Arithmetic Expressions 


Mathematical Expressions Equivalent C Expressions 
c=a+b c = ajb 
m= p gf +7 m=(p* p)+(q* q) +r *r) 
Z=(at+b+c)+(x+ y) z=(at+b+c)kx+ y) 
d=. Ja+b+c d=sqrt (a+ b+c) 

z = pow (a, b) 

ecah 


Z=(x* y)/2 


z=(2x+l)4y+a) zZ=(2* x+1)*(4* y+a) 


_(a+ by c=((at b)* (a+ b))K(a—b) * (a—b)) 
(a-b? 


z=logio e+e] z =log 10 [a/b + c] 


Rules for Evaluation of Arithmetic Expression 


1. In a given expression which involves parenthesis, the expression inside the parenthesis 
must be evaluated first, the priority is send as applied to the unparenthesized 
expressions. 

2. If an unary minus is present in the expression, then the term associated with unary 


minus must be evaluated before the other expression. 
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Example 1: Evaluate the following expression: 


2 * ((8/3) +4 * (5 —2)) 
Solution: 2 * ((8/3) +4 * (5 —2)) 


=2* ((8/3) +4 * 3) 
=2* (2 +12) 


Example 2: This program illustrates the basic arithmetic expression. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main() 

{ 
clrser(); 
int x, y, sum, sub, mul, div, remain; 
printf("enter the value of x and y"); 
scanf("%d%d",&x,&y); 
sum=xty; 
sub=x-y; 
mul=x"y; 
div=x/y; 
remain=x%y; 
printf("\n sum=%d_ \n subtraction=%d \n Multiplication=%d_ \n 
division=%d\n remainder=%d", sum,sub,mul,div,remain); 


getch(); 


Output: 

(i) Enter the value x and y 5 3 
Sum=8 
Subtraction=2 
Multiplication=15 
Division= 1 
Remainder=2 

(ii) Enter the value of x and y 7 2 
Sum=9 
Subtraction=5 
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Multiplication=14 
Division=3 


Remainder= 1 


2.1.2.2 Increment and Decrement Operators 


2.1.2.2.1 Increment Operator 


This operator is used to increment the value of an integer quantity by one. This is 
represented by ‘+ +’ (double plus) symbol. This symbol can be placed before or after the 


integer variable. 
For example: If int a = 5 then, both a ++ and ++a indicates a = a + 1. Thus, the value 
of ais 5. 


Example 1: Write a program to print the value of a, b using increment operator. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main() 


{ 
clrser(); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
printf("a=%d\n",at+ +); 
printf("\nb=%d",+ +b); 
getch(); 

} 

Output: 

enter the value of a and b 3 6 

a=3 

b=7 

enter the value of a and b 8 102 

a=8 

b=103 


If a statement having an increment operator is independent, then there is no significance 
to ++ operator whether placed before or after an integer variable. When it is used in an 


expression for an integer variable int_var, then 
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++ int_var indicate pre increment; ie., the value of 
int_var must be incremented before it is 
being used. 


int_var ++ indicate post increment; i.e., use the value 
of int_var first and then increment. 


Example 2: 
a=+ +b; 
This is equivalent to two assignment statements; 
b=b+1 and 
a=b; 
Similarly, 
a=b++; 
This is equivalent to 
a=b; 
and a=b++; 
a=b+ l; 


2.1.2.2.2 Decrement Operator 


This operator is used to reduce the value of an integer quantity by one: This is 
represented by ‘- ~ (double minus) symbol. This symbol can be placed either before or 
after an integer variable. 


For example, if int a = 5, then both a—— and-—-~a indicate a = a — 1. Thus, the value of a is 4. 
Example 1: Write a program to print values using decrement operator. 


Solution: #include <stdio.h> 
#include<conio.h> 


void main() 


{ 
clrser(); 
int a, b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
printf("\na=%d",a— —); 
printf("\n b=%d",— — b); 
getch(); 

} 

Output: enter the value of a and b 6 9 
a=6 
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b=8 
enter the value of a and b 9 201 
a=9 
b=200 
If a statement having a decrement operator is independent, then there is no significance to 


—-, whether placed before or after an integer variable. When it is used in a expression for 
int_var, then 


——int_var indicates : decrement the value of int_var first and then use it. 


int_var — — indicates : use the value of int_var first and then decrement it. 


For example, 


a=--b; 
This is equivalent to two statements 
b=b-= i; 
and a=b 
Similarly, 
a= þ--; 
This is equivalent to 
a=b 
and b=b-l; 


2.1.3 Relational Operators 


Relational operators operate upon an expression and evaluate it to find whether it is true 
or false. In the event of expression being true, they return else if it is found false they return 0. 
These are used to compare two variables or constants. They are also used to compare two 
operands. They define the relationship existing between two constants and variables. 
They result in either a True or False value. The value of TRUE is non-zero and the value of 
FALSE is zero. 


is less than Left to Right 
Smaller than or equal to Left to Right 
Greater than Left to Right 
Greater than or equal to Left to Right 
is equal to Left to Right 


is not equal to Left to Right 


Example: a >b,a>=b,a<=b,a!=b,a b. 
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Evaluation of Relational Expression: A relational expression can be defined as a 
meaningful combination of operands and relational operators. The operand may be 
consonants and/or variables. In evaluating a relational expression, the first four operators 
are given the FIRST priority and the next two operators are given the second priority. 


Example 1: Two integer numbers are input through the keyboard. Find out the greatest 


number. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main() 


{ 
int a,b; 
printf(" enter the value of a and b"); 
scanf(" %d%d",&a,&b); 
if(a>b) 
printf(" a is greatest"); 
else 
printf("b is greatest"); 
getch(); 
} 


Output: 
enter the value of a and b 6 3 
a is greatest 
enter the value of a and b 4 10 


b is greatest. 


2.1.4 Logical Operators 
Logical operators operate upon two logical expressions to build more complex logical 


expressions, which are either true or false. 


In class of C, operators are used to take decisions. There are three such operators they are 
AND, OR and NOT. The first two are binary operators and the last one is an unary 
operator. The result of these operators is either TRUE or FALSE. The logical operators are 


used to connect one or more relational expressions. 


Operators Precedences Associativities 


Logical AND 2 Left to Right 


Logical OR 3 Left to Right 
Logical NOT Left to Right 
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2.1.4.1 Logical AND (&&) Operator 


Logical AND operator combines two logical expressions in such a way that the resultant 
expression gives that only if both the expressions are true. In any other condition it gives 
false. Logical AND operator is denoted by && sign. 


To understand its usage assume that S1 and S2 are logical expressions. The expression 
SI &&S2 will be a complex logical expression. It wil be true if and only if S1 and S2 are 


true. In the event of S1 and S2 or both being false, their expression will evaluate to false. 


2.1.4.2 Logical OR (||) 
Logical OR operator combines two logical expressions in such a way that the resultant 
expression gives false only if both the expressions are false. In any other condition it gives 


true. Logical OR operator is denoted by || sign. 


To understand its usage, assume that Sl and S2 are two logical expressions. The 
expression S1 | |S2 will be a complex logical expression. It will be false if and only if S1 and 
S2 are false. In the event of S1 or S2 on the both being true, this expression will evaluate to 


true. 


2.1.4.3 Logical NOT (!) 


This operator negates the value of the expressions. 


The AND operator is used to perform AND ing operation on two logical operands. It is 


equivalent to a multiplication operation. The result of a logical ANDing is true, when both 


the operands are true, otherwise the answer is false. It is shown in the following table: 


$1882 


The logical OR operator is used to perform ORing operation on two logical operands. It is 
equivalent to an addition operation. The result of a logical ORing is false only when both 
the operands are false; otherwise the answer is true. This is shown in the truth table. 
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The logical NOT is used to obtain the logical complement of the operand. The result of a 
logical NOT is TRUE when the operand is FALSE and vice versa as shown in the truth 
table 


Operand ! Operand 


Example 1: Suppose a, b and c are three integers having the values 2, 4, 3 respectively. 
Then the logical expression involving these three variables is evaluated as 


a& &b| |c&&(!b) 


Solution: Thus, 
a&&b| |c&&(!b) 
= 2&&A| |3&&(!4) 
= 2&&A| |3&&(0) 


= 1||3&&0 
= 1||10 
=] 


Example 2: Write a program to illustrate the logical ANDing and ORing operations. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main() 


{ 
clrser(); 
int x, y, Z; 
x=y; 
y=3; 
Z=X&&y; 
y=x| [yl |z; 
x=x&&y]| |z; 
printf("x=%d\ny=%d\n z=%d",x,y,z); 
getch(); 

} 

Output: 

1 

1 

1 
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2.1.5 Bitwise Operators 

Bitwise operators of C language are the operators, using which those types of operations 
are performed which are generally, performed through low level languages. As the name 
indicates, using bitwise operators, bit of any number can be manipulated. 


For bit manipulation (language provides following operators): 
1. One’s complements operator 
2. Bitwise logical operators 


3. Bitwise shift operators 


These are used to perform bitwise operations such as testing the bits, shifting the bits to 
left or right. Those operators can be applied only on int and char data types but not on 
float and double data types. 


All data items are stored in the computer’s memory as a sequence of bits and some 
applications need the manipulation of these bits. Manipulation of individual bits is carried 
out in machine language or assembly language. To perform, the bitwise operations, C 
provides six operators. These operators work with int and char data type. Table shows the 


bitwise operators and their meaning 


Bitwise Operators 


Operators Symbol Names Meaning 
& Ampersand Bitwise AND 
l Pipeline Bitwise OR 
+ Caret Exclusive OR (XOR) 
- Tilde 1’s complement 
<< Double less than Left shifting of bits 
>> Double greater than Right shifting of bits 


Bitwise AND, OR, XOR are binary operators and produce a result depending on the 
comparison of corresponding bits in each of the operands. 


2.1.5.1 Bitwise Complement 
The (minus) is an unary operator. The 1’s complement is obtained by just inverting the 
individual bits in the original value. 
For example: 
i=0110 
k=-i 
k=- (0110) 
=1001 
oe 
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The complement operator switches all the bits in a binary pattern, that is, all the 0’s 
becomes 1’s and all 1’s become 0’s. The complement of a pattern is often useful in signal 
and controlling other device where several different signals may be complementary to each 
other. 

x = 32 binary is 100000 


s 


x binary is O11I11 


Bitwise complement is used to obtain the one’s complement of a binary sequence. This 
means that each zero gets changed to one and each one gets changed to zero during bitwise 


complement operation. 


The general form of bitwise shifting is 


<variable ><shift operators ><number>; 


variable > an int or char data type element 


where 


shift operators > left shift or right shift operator 


number > number to bits to be shifted. 


Example: l. x>>2 


2. x<<5 


2.1.5.2 Bitwise Left Shifting 


The << is a binary operator. The value of second operand specifies the number of bits 


positions by which the value of the first operand is to be shifted on left. 


Before left shifting of bits 


i[oTolofoli foto 


After one bit shifted to left 


OloloTolifoloto 


2.1.5.3 Bitwise Right Shifting 


The >> is a binary operator. The value of the second operand specifies the number of bit 


positions by which the value of the first apperand is to be shifted on right. 


Before shifting one bit right 


i[oTolofolif[oto 


After one bit shifted to right. 


Oli fololofolifo 
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Example 1: This program illustrates the bitwise operators. 


Solution: 


Output: 


#include<stdio.h> 


#include<conio.h> 


main() 


{ 


clrscr(); 

unsigned int x=128, y =32; 

x=x>> l; 

printf("After right-shifting by 1 x=%d\n",x); 
y=y<<l,; 

printf("After left-shifting by 1 y=%d\n",y); 
getch(); 


After right-shifting by 1, x=64 
After left-shifting by 1, y=64 


Example 2: Write a progrm to show right and left shifting using bitwise operators. 


Solution: 


Output: 


#include <stdio.h> 


#include<conio.h> 


void main() 


{ 


clrser(); 

unsigned int i,j; 

printf(" enter the integer"); 

scanf(" %d%d", Si, &j); 

i=i>>l; 

printf("After right shifting by 1 i=%d",i); 
j=j<<2; 

printf("After left shifting by 2 j=%d\n",j); 
getch(); 
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After right shifting by 1 i=16 
After left shifting by 2 j=256 
i=2 
j=4 
After right-shifting by 1 i=1 
After left-shifting by 2 j=16 


2.1.6 Ternary Operators 
The ternary operator is (?), C includes a very special operator called the ternary or 
conditional operator. It is called ternary because it uses three expressions. The ternary 


operator acts like a shorthand version of the if-else condition. 


The ternary operator is a conditional operator in C. There is only one such operator in C. 


It takes three operands. The general form of a ternary expression is as follows: 


<expression>?<value 1>,<value 2>; 


where expression > Relational expression 
value 1 > value to be assigned on true 


value 2 — value to be assigned when the result of the expression is false. 
Example 3: z=x<y?x:y; 
Example 4: This program illustrate the ternary operation. 
Solution: #include<stdio.h> 


#include<conio.h> 


void main() 


{ 
clrser(); 
int x,y, result+1, result+2; 
printf("enter the value of x and y"); 
scanf{"%d%d",&x,&y); 
result + l=x>y?x=y; 
printf("The result +1 = %d \n", result +1); 
result +2 =x < ?x= y; 
printf("The result +2 = %d \n", result +2 ); 
getch(); 

} 

Output: 

x=4 
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ys 
The result 1 = 5 
The result 2 = 4 


2.2 Special Operators of C 


C also supports some special operators such as: 
Comma Operator 

sizeof() 

Arrow Operator 

Address Operator 


Dereferencing Operator 


Oy St ae oe Se 


Dot Operator 


2.2.1 Comma Operator 


The comma operator is used to link two or more related expressions. These expressions are 
evaluated in left-to-right fashion. We obtain the result of the combined expression from 


the right most expression. 


The comma operator is basically associated with for statement. It is also used to link two 
or more related expressions together. In such a case, the expressions are evaluated in a 
left-to-right fashion. We can obtain the value of the combined expression from the value 


of the rightmost expression. 


Example 1: 

sum=(a=10, b=40, a+b); 
There are three expressions a = 10, b = 40 and a + b. The value of the right most 
expression 50 

a+b=10+40 =50 is set to sum. 
Example 2: 

sum = (a =40, b =100, a+ b); 
There are three expressions a=40,b=100 and a+b. The value of the right most 
expression 140 

a+b=40 +100 =140 is set to sum. 

Example 3: The program illustrates the use of comma operator is swapping the contents 
of two objects. 
Solution: #include<stdio.h> 


OO 
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#include<conio.h> 
void main() 
{ 
clrser(); 
int a, b, temp; 
b=(a=101a+ 20); 
printf("Before swapping a = %d and b=%d",a,b); 
temp=a; 
a=b; 
b=temp; 
printf("After swapping a = %d and b=%d",a,b); 
getch(); 


Output: 
Before swapping a=101 and b=302 
After swapping a=302 and b=101 


2.2.2 sizeof( ) Operator 


It is an unary operator which provides the size, in bytes of the given operand. The syntax 


of sizeof( ) operator is 
sizeof(operand) 


Here, the operand is a but it in or user defined data type or variable. 


The size of operator always precedes its operand. For example: 

sizeof(float) 

return the value 4. 
The sizeof( ) operator returns the size of the operand. It should be written in lowercase 
letters. It must precede its operand. The operand may be a constant, a variable or a data 
type. It is normally used to determine the size of arrays and structures. It is also used for 
dynamic memory allocation. 
Example 1: a=sizeof(int); 

b=sizeof(float); 


Example 2: This program illustrates the use of sizeof( ) operator. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 
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{ 
clrser(); 
int x; 
float y; 
char z; 
printf("enter the integer, floating and a character"); 
scanf("%d%f%c"",&x, &y,&z); 
printf("\n sizeof x is=%d", sizeof(x)); 
printf("\n sizeof y is=%d", sizeof(y)); 
printf("\n sizeof z is=%d", sizeof(z)); 
printf("\n sizeof double=%d", sizeof(double)); 
getch(); 

} 

Output: 
sizeof x=2 
sizeof y=4 


sizeof ch=1 


sizeof double=8 


2.2.3 Precedence and Associativity of C Operators 


Category Operators What it does ? 


le & Algorithm 


Associativity 


Highest Precedence Function call 
Array subscript 
C direct component selector 
C scope access/resolution 
Logical Negation (NOT) 
Bitwise component 
Unary Plus 
Unary Minus 
Pre or Post Increment 
Pre or Post Decrement 
Address 
In direction 
Return size of operand 


Dereference 


Dereference 


Left to Right 


Right to left 


Left to Right 
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Multiplication 


Relational 


* 
/ 
% 
<< 
>> 
< 
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Multiple 
Divide Left to Right 
Remainder 
Binary Plus 
Binary Minus Left to Right 
Shift left 


Shift right 


Left to Right 


Less than 


Less than or equal to 
Greater than Left to Right 


Greater than or equal to 


Equality 


Assignment 


(= 


equal to Left to Right 


not equal to 


exp? x: y means "if exp then x, | Right to left 


else y" 

Simple assignment 
Assign product 
Assign quotient 
Assign remainder 
Assign sum 

Assign difference 
Assign bitwise AND 
Assign bitwise XOR 
Assign bitwise OR 
Assign left shift 
Assign right shift 


Evaluate Left to Right 


Right to left 
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Some of the operators are shown above. These operators will be utilized in the remaining 
part of the syllabus. 


Example 1: This program illustrates the compact representation of arithmetic operations. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser(); 
int x,y,z; 
printf("enter the value of x, y and z"); 
scanf("%d%d%d", &x,S&y,&z); 
X+=y; 
IEN 
Z+ =X; 
printf("\n%d",x); 
printf("\n%d",y); 
printf("\n%d",z); 
getch( ); 
} 
Output: 
enter the value of x, y and z 
3 4 1 
7 
-1l 
8 
enter the value of x, y and z 
7 11 10 
18 
-4 
28 


2.2.4 Mixed Mode Operation 


Expressions that involves elements of type real and integer are called mixed mode 
operation on expression. If an expression containing both integer and floating point 
elements, is evaluated then result will be of type float. If this value is to be assigned to 
some identifier, then we should know the data type of that identifier. If the identifier is an 
int and the resulting value to be assigned is a float, then the floats fractional value must be 
truncated. The operators that are used in forming mixed mode expressions are basic 
arithmetic operators, and the modulus operator (i.e., +, —, *, /, %). 


eS 
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Example 1: 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser(); 
int a,b; 
float x,y; 
printf("enter the value of a, b, x, and y"); 
scanf("%d%d%f%f", &a, &b, &x, Sy); 
a=(x/y) + (a/b); 
b=(a*x)/y; 
x=(a-b); 
printf("a=%d\nb=%d\nx=%f",a,b,x); 
getch(); 
} 
Output: 
enter the value of a, b, x and y 
4 2 2 3 
a=2 
b=2 
x=2.0 
because 


In the first expression, we have 
a=(x/y)+ (a/b) 
=(2.0/3.0)+ (4/2) 
=0.6+2 
=2.6 
But a is an integer quantity, so the fractional part is truncated. 
ie., a=2 
In the second expression, we have 
b=(a*x)/y 
=(4*2.0)/3.0 
=8.0/3.0 
=2.66 


— — ~ 
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Here, b is an integer part on variable, but the result is float. Therefore, it is converted to an 
integer by truncating the fractional part 
b=2 
In the third expression, we have 
x=a-b 
=4-2 
=2 
Here, x is a floating point variable, but the result is an integer. So, it is converted to a float 
x=2.0 


2.2.5 Data Type Conversion 


In some applications, we may often want to change the data type of the variables, when we 
declare some variable as int, the desired output may be float or vice-versa. In such 
situations, we change the nature of the data stored in the variable. This process is known 
as data type conversion, it is also called type casting. The general form of type casting is as 


(data type) variable 


where data type > Any basic data type and must be written within the parentheses. 


follows: 


Example: 
int k = 2; 
float term; 
term = I/k; 
Here, the content of term will be 
term = I/k 
= 1/2 


=0 (result of integer division); 


Since, the term is of type float, the value 0.0 will be assigned to term. But, in reality the 
value of 1/2 is 0.5 which is not obtained in the above case. Therefore, to have the value of 
term =0.5 data type conversion is required. This can be achieved by rewriting the 
statement term = I/k; as 


term= 1/(float)k; 


2.2.6 Mathematical Functions 

In many situations the mathematical functions such as sqrt(), pow() etc. are needed. 
Almost every C compiler supports these basic mathematical functions. All these functions 
are available in a header file math.h so, we must include this file in the beginning of the 
program as: 


#include<math.h> 
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C provides a large number of library functions which perform specific operations. 


Mathematical functions are also included among these library functions. 


This #include<math.h> header file should be included if we are using a mathematical 


function in a program. Otherwise, the program results in an unwanted answer. Some of 


the most commonly used mathematical functions are given in the table. 


Type of Function What it does ? 
double Returns the arc cosine of x 
double Returns the arc sine of x 


double Returns e to the power x [e*] 
fabs(x) double Returns the absolute value of x 


floor(x) double Returns the value rounded down to the largest integer 
less than or equal to x 


fmod(x,y) | double Return x modulo y,the remainder of x, y with sign of x 


double Returns a value rounded upto the next higher integer of x 


frexp(x,y) | double Splits a double into mantissa and exponent 


hypot(x,y) | double Calculates the hypotenuse of the right angled triangle 
lab long int Returns the absolute value of long | 


s() 
log(x) Returns the natural logrithm of positive number (x) 


logy 9x Returns the logarithm to the base 10 of positive number (x) 


double Returns the value of x raised to the power y 


rouble Returns the hyperbolic sine of double x 


sqrt(x) Mouble Returns the square root of positive number x 


tanh(x) double Returns the hyperbolic tangent of x 
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Example 1: An integer number is input through the keyboard. Find out the square root 


of this number. 


Solution: 


Output: 


#include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 
{ 
clrser(); 
float x,y; 
printf("enter any integer number"); 
scanf("%f", &x); 
y=sqrt(x); 
printf("square root is=%f\n",y); 
getch( ); 


enter any integer number 4 
square root is = 2 
enter any integer number 2 


square root is = 0.500059 


Example 2: Any two integer numbers are input through the keyboard. Write a program 


to find out the value of x’. 


Solution: 


#include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 
{ 
clrscr(_); 
int x,y,z; 
printf("enter the value of x and y"); 
scanf("%d%d", &x,&y); 
Z=pow(x, y); 
printf("power is=%d\n",z); 
getch( ); 
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Output: 

enter the value of xandy 2 3 
power is = 8 

enter the value ofxandy 8 4 


power is 4096 


2.2.7 Associativity 


When the expression contain two operators of equal priority the tie between them is 
settled using the associativity of the operators. Associativity can be of two types: 

1. Left to Right 

2. Right to Left 


1. Left to Right 


Left to Right associativity means that the left operand must be unambiguous. 
Unambiguous in which sense ? It must not be involved in evaluation of any other 
sub-expression. 


2. Right to Left 


Right to left associativity the right operand must be unambiguous. 


Example 1: 
(i) a= 3/2 * 5 
Solution: 
Operator Left Right Remark 
Left operand is 
i 3 unambiguous, Right is not 
y or 2 5 Right operand is ambiguous, Left is 
not 
3/2 


Example 2: a=b=3 


Solution: 


c Left operand is unambiguous, Right 
is not 


Right operand is unambigous, Left is 


not 
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Example 3: z =a* b+c/d; 


Solution: 


Operators Left Right Remark 


2.3 About Input/Output Function 


Be it any program, it requires data to operate upon, so that it could process it and produce 
the result as per requirements. One method of providing data to the program is to assign 
values to the variables, within the program and access the variables whenever required. 
You are already familiar with this method. This method suits well for the situations where 
data is of fixed type and happens to be very small in volume. You cannot afford to deal 
with this method if data, such as roll number, name, address, subjects, marks etc. of fifty 
students, has to be processed. It is quite obvious that for such situations, program should 
accept the data from other sources like, keyboard etc. Well, C language provides wide 
variety of input/output functions for accepting the data from the keyboard in the program 
and displays the results on VDU. These functions remain available in function library and 
can always be accessed from there by using appropriate statements. 


The input/output operations are not part of C language, as such, rather they exist as 
functions as part of the language. They are available as functions in the standard C library 
along with other functions and can be used by the users. The input-output operations take 
place as a stream of characters. The standard input-output functions may be considered as 
character based input-output functions and string based input-output functions. 


Each input-output device has a buffer associated with it through which the input or output 
operations take place. So the standard input-output functions are buffered. If the standard 
input buffer is not cleared then the contents of the buffer may interface with the following 
input operations, so care must be taken to clear the standard input buffer clearing the 
output buffer either use a new line character, on use an input functions or clear the buffer 
explicity. 

The statement 


#include<stdio.h> 


includes the contents of standard input-output file, stdio.h at compile time, which 
contains definitions of stdin, stdout and stderr. 


C language provies the functions getch( ), getchar( ), getche( ), putch( ), putchar( ), scanf(), 
printf( ), for character input-output and gets( ), puts( ), scanf( ), printf( ) for string based 
input-output. 


OO 
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Values can be assigned to variables by using the assignment statement C provides 
standard functions, scanf( ) and printf( ) for performing formatted input and output 


respectively. 


The format specification string is a character string which specifies the data type of each 
variable to be input or output and the size or width of the input or output. 


From the above discussion we conclude that in C the input/output functions are classified 


into two types: 
1. Formatted functions 


2. Unformatted functions 


Input/Output Functions 


Formatted 


Input Output Input Output 
scanf() printf() getch( ) putch( ) 


Unformatted 


getchar() | | putchar( ) 
getche( ) puts( ) 
gets( ) 


Fig. 2: Different Types of Input / Output Functions 


24 Formatted Functions 


2.4.1 Formatted Input Statement 


The scanf( ) function for input operation: It is used for formatting input from standard 
input device that is keyboard. The format specification string, along the data to be input, 


are the parameters to the scanf( ) function: 


The syntax of the function scanf( ) is: 
scanf(“control string” ,address-list); 


where, 


control string > It is a sequence of one or more character groups. Each character group is a 
combination of % symbol and one of the conversion character. The control string specifies 


the type of the value which are to be supplied to the variables. 


— — ~ 
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address list > address of memory location where the value of the input variables should be 


Example: 


int x: 
float SDs 
char ch; 


scanf("%d%f%c",&x, &y, &c\); 


format specification list of address of 


string variables 


The data items entered from keyboard must correspond to the arguments in the scanf( ) 


function in number, in type and in order. The scanf( ) function reads and converts 


characters from the standard input according to the specified format string and stores the 


input in the memory locations represented by the list of variables. If the string data type 


variable is to be read, the variable name is not preceded by the character. 


Character Group Meaning 
%c data item is a single character. 
%d data item is a decimal character. 
%e data item is a floating point value. 
%f data item is a floating point value. 
%g data item is a floating point value. 
%h data item is a short integer. 
%i data item is decimal, hexadecimal or octal integer. 
%0 data item is an octal integer. 
%s data item is a string followed by a white space character. 
%u data item is an unsigned decimal integer. 
%x data item is a hexadecimal integer. 


Input of integer value: %d character used to input decimal integer data through the 


standard input device. 


scanf("%d",&a); 


eS 
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Let the input for the above statement 35, then 35 is stored at the memory location 
represented by number. This is a very simple input statement and it does not specify how 


many digits are there in an input number. 


scanf("%3d",&a); 


Here, the digit 3 indicates the field width of the input number. If you are reading a 6 digit 
number, then the digit 6, representing the field width must be inserted between the % 


symbol and the conversion character as in the following statement. 


scanf("%6d",&a); 


In case the number to be input are of long or short data types, then the character group 
should be changed. The character group %d is replaced by %ld and %hd respectively to 


long and short integers. 


scanf("%ld%hd",&x, &y); 


Here, x is the long integer variable and y is the short integer variable. And the character 


stands for long and the character h stands for half. 


If the number to be accepted for the variable is of type unsigned, then the %u character 


group should be used, as in the following scanf( ) statement. 


scanf("%u",&roll); 


Floating point input: Floating numbers can be input using %f specification. The field 
width is generally not specified for a real number, whether it is of a decimal or scientific 


notation. The following statement accepts real value for the variable y. 


scanf("%f",&y); 


Suppose, the number to be input for y is 36, then 36.00 is stored in the memory. 
scanf("%f%f",&x,&y); 


If the values to be supplied to x and y are 360.90 and 79 respectively. Then 360.90 and 
79.00 are stored respectively. 


Character input: Some applications require a character constant or a string constant as 
input. In accepting a character constant, using scanf( ) character group %c is used. But the 


character group %s is used for string constant. 


scanf("%c",&z); 


Here, symbol is a character variable. If the input character is B, then the value 66 is stored 


in the memory. Because the ASCII value of B = 66. 


If the character input is name or address, then a sequence of characters that constitute the 


name or address should be typed. The total number of characters present in the name or 


— —— ~ 


54 Programming Principle & Algorithm 


address must be specified in the control string. The scanf() statement to read a name or 
address with %c character group is 


scanf("%20c",&name); 


Mixed data type input: C allows input of mixed data type using one scanf( ) statement. 
But one must be careful in such case as the order and type of data entered must match with 


that specified in the format specification string. 


Example: Write a program in C language to find out the sum of one integer number and 
two floating point numbers. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int numl; 
float num2,num3,sum; 
printf("enter the value of num1, num2 and num3); 
scanf("%d%f%f", &num1],&num2,&num3); 
sum=num1+num2+num3; 
printf("\n sum=%f",sum); 
getch( ); 
} 
Output: 
enter the value of num 1, num 2 and num 3 
2 3.60 11.40 
sum=17.00 
enter the value of num 1, num 2 and num 3 
60 70.04 100.96 
sum=231 


2.4.2 Formatted Output Statements 
Function printf( ) displays all types of data on the screen. General format for printf( ) 


printf("control string", variable); 


where control string > specifies the type and format of the values to be displayed 


function is as follows: 


variable > A variable to be displayed 
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Example: 

printf("welcome"); 

printf("%d",a); 

printf("%d%f",a,b); 

printf("multiplication of three numbers=%d",mul); 


printf("\n x=%f \n y=%d",x,y); 


ae oe 


2.5 Unformatted Functions 


2.5.1 Unformatted Input Statement 


These statements are primarily concerned with reading the character type data from the 
keyboard. The getchar( ) and gets( ) functions which are used for this purpose. Since, they 
are included in the stdio.h, the C program that uses these functions should exclusively 


have the following preprocessor statement 

#include<stdio.h> 
getchar( ) Function: It returns a character just entered from the standard input unit, that 
is, keyboard. The entered character can be either assigned to a character variable or echoed 


to the computer screen. Enter key must be pressed after typing the character. The function 


getchar( ) has the following form: 


char_var=getchar( ); 


where char_var > is a character type variable to which an accepted character is assigned 


Example: #include<stdio.h> 
void main( ) 
{ 
char. letter; 
letter=getchar( ); 
} 


gets() Function: This function reads in everything you enter from the keyboard until the 
enter key on return is pressed. Here, everything means a string in a sequence of all 
printable ASCH characters. The return key that was pressed at last would not be stored in 


the character string. It overcomes the limitation of the scanf () statement with %s option. 


gets(string); 


where string — is a sequence of characters and is of type char 


The syntax of gets() is 


> 
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Example: #include <stdio.h> 


void main( ) 


4 
char name[25]; 
printf("enter your name"); 
gets(name); 

} 


2.5.2 Unformatted Output Function 


These statements are mainly concerned with displaying or printing the character type data 
on the monitor. The putchar( ) and puts( ) functions are used for this purpose. The 


following statement is required if these are used in the C program. 


#include<stdio.h> 


The putchar( ) Function: The putchar( ) function displays single character on VDV. The 
character on the character variable that is to be displayed is passed as an argument to the 
function. This function prints a single character on the screen. The character to be 
displayed is of type char. It syntax is as follows: 

putchar(ch_var); 


where ch_var > character variable which is enclosed within the parenthesis. 


Example: #include<stdio.h> 
void main( ) 
{ 
char ch; 
putchar(ch); 
} 


puts( ) Function: This function prints a string of characters on the screen. The newline 
character that signalled the end of string will not be displayed. The syntax of puts( ) is as 
follows: 


puts(string); 
where string a sequence of charactes. 


Example: #include<stdio.h> 
void main( ) 
{ 
char message[50]; 


puts(message); 
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Solved Programs 


Program 1: Write a program to print "welcome". 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
printf(" \n welcome"); 
getch( ); 
} 
Output: welcome 


Program 2: Write a program to calculate sum of two integer numbers. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser(); 
int nl,n2,sum; 
printf("enter the value of n1 and n2"); 
scanf("%d %d",&n1,&n2); 
sum=n1+n2; 
printf("\n sum=%d",sum); 
getch(); 
} 
Output: enter the value of nl and n2 2 3 
sum=5 
enter the value of nl and n2 101 3000 
sum=3101 


Program 3: Write a program to find out multiplication of two integer numbers. 
Solution: #include<stdio.h> 

#include<conio.h> 

void main() 


{ 


clrser(); 


> 
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int nl, n2, mul; 
printf("enter the value of n1 and n2"); 
scanf("%d%d",&n1,&n2); 
mul=n1*n2; 
printf("\n Multiplication=%d",mul); 
getch(); 
} 
Output: enter the value of nl and n2 6 5 
Multiplication = 30 
enter the value of nl andn2 2 3 
Multiplication = 6 
Program 4: Write a program to find out the multiplication of two integer and three 
floating point. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int nl,n2; 
float n3,n4,n5,mul; 
printf("enter the value of nl, n2, n3, n4 and n5"); 
scanf("%d%d%f%f%F ",&n1,&n2,&n3,&n4,&n5); 
mul=(n1*n2*n3*n4*n5); 
printf("\n Multiplication=%f ",mul); 
getch( ); 


Output: 
enter the value of nl,n2,n3,n4 and n5 
7 8 6.50 66.01 10.05 
Multiplication = 240516.6764 
enter the value of nl,n2,n3,n4 and n5 
8 9 7600 8.9] 12.20 
Multiplication=594817.344 
Program 5: Write a program to find out the division of two integers. 
Solution: #include<stdio.h> 
#include<conio.h> 
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void main( ) 
{ 
clrscr(_); 
int nl ,n2,div; 
printf("enter the value of nl and n2"); 
scanf("%d%d",&n1,&n2); 
div=n1/n2; 
printf("division=%d",div); 
getch(); 
} 
Output: enter the value of nl andn2 3 2 
division 1 
Program 6: Write a program to find out the area of circle. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float r,a_O_c¢; 
float pie= 3.14; 
printf("enter the radius of a circle"); 
scanf("%f",&r); 
a_o_c=pie*r*r; 
printf("\n area of circle=%f",a_o_c); 
getch( ); 
} 
Output: enter the radius of a circle 6 
area of circle=113.04 
enter the radius of a circle 2 
area of circle=12.56 
Program 7: Write a program to read two numbers and display the numbers and their 
sum rounded off to 3 place after the decimal point. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
e eee 
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clrser( ); 

float x,y, sum; 

printf("enter the value of x and y"); 
scanf("%f%f", &x,&y); 

sum=x+y; 

printf("\n x=%10.3f",x); 

printf("\n y=%10.3f",y); 

printf("\n sum=%10.3f",sum); 
getch( ); 


Output: 
enter the value of xandy 76.76693.01 
x=76.760 
y=693.010 
sum=769.770 
enter the value of xandy 701.013601.714 
x=701.013 
y=601.714 
sum= 1302.727 
Program 8: Write a program to read any character from the keyboard and to display the 
ASCII number associated with it. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
char ch; 
printf("enter any character"); 
scanf("%c",&ch); 
ch=getche( ); 
printf("\n ASCII number of character %c is %d", ch, ch); 
getch( ); 


Output: 
enter any character A 
ASCII number of character A is 65 
oam 
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enter any character Z 
ASCII number of character Z is 90 


Program 9: Write a program to read three real number’s a, b and c and evaluate tl, t2 


and tl — t2 when tl and t2 are given by 


th=a(b+c)+b(ct+a)+c(a+b) 


12 = E (P + P) + (P +e) +Ê +P) 
Solution: #include<stdio.h> 

#include<conio.h> 

#include<math.h> 

void main( ) 

{ 
clrser( ); 
float a,b,c,t1,t2,diff; 
printf ("enter the value of a, b and c"); 
scanf ("%f%f%f",&a,&b,&c); 
tl=(a*(b+c)+b*(c+a)+c*(a+b)); 
t2=sqrt((a*a)*(b*b+c*c)+(b*b)*(c*c+a*a) +(c*c)*(a*atb*b)); 
diff=t1-t2; 
printf("\n value of tl=%f",t1); 
printf("\n value of t2=%f",t2); 
printf("\n difference=%f" diff); 
getch( ); 


Output: 
enter the value of a, b and c 2.00 4.00 6.00 
value of tl =88.00 
value of t2=39.598 
difference=48.402 
Program 10: What will be the output produced by the program given below: 
#include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int a,b,x,y; 
—————————————— eee 
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printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 

x=a+ +; 

y=+ +b; 

printf("\n value of x=%d",x); 
printf ("\n value of y=%d",y); 
XET; 

FEY; 

printf("At this point"); 
printf("\n value of x=%d",x); 
printf("\n value of y=%d",y); 
getch( ); 


Output: 
enter the value of aandb 23 
value of x=2 
value of y=4 
At this point 
value of x=3 
value of y=5 


Program 11: Write a program to find out the area of a triangle using the following 


formula: 


area = ,/s (s — a) (s — b) (s—c) 


at bte 
2 


where s = 


Solution: #include<stdio.h> 

#include<conio.h> 

#include<math.h> 

void main( ) 

{ 
clrser( ); 
float a,b,c,s,area; 
printf("enter the value of a, b and c"); 
scanf("%f%f%f",&a,&b,&c); 
s=(atb+c)/2; 


oe— — 
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area=sqrt(s*(s—a)*(s—b)*(s—c)); 
printf("\n s=%f \n area=%f",s,area); 
getch( ); 


Output: 
enter the value of a, bandc 5 6 4 
s=7.500000 
area=4.962358 
enter the value of a, bandc 2 3 5 
s=5.000000 
area=5.477226 
enter the value of a, bandc 6 9 8 
s=11.500000 
area= 12.434830 
Program 12: Write a program to convert the decimal number into an octal number. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr( ); 
int a; 
printf("enter the value of a"); 
scanf("%d",&a); 
printf("%0",a); 
getch( ); 


Output: 

enter the value ofa 100 

144 

enter the value ofa 10 

12 
Program 13: Write a program to convert the decimal number into a hexadecimal number. 
Solution: #include<stdio.h> 

#include<conio.h> 


void main( ) 


{ 
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clrser( ); 

int a; 

printf("enter the value of a"); 

scanf(" %d",&a); 

printf("\n hexadecimal number=%x",a); 


getch( ); 


Output: 
enter the value of a 100 
hexadecimal number = 64 
enter the value of a 10 
hexadecimal number = A 
Program 14: Write a program to find the absolute value of any given number. 
Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 
{ 
clrscr(_); 
float a,i; 
printf("enter the value of a"); 
scanf("%f",&a); 
i=abs(a); 
printf("\n absolute value=%f",i); 


getch( ); 


Output: 
enter the value ofa 12.00 
absolute value= 12.000000 
enter the value of 11.323 
absolute value= 1 1.000000 
enter the value of 12.03 
absolute value= 12.000000 
Program 15: Write a program to solve the roots of the given quadratic equation 


ax? + bx + c=0 
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Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 

{ 
clrser( ); 
float a,b,c root, x1,x2; 
printf("enter the value of a, b and c"); 
scanf("%f%f%f",&a,&b,&c); 
root=sqrt(b*b—4*a*c); 
x] =(-b+root)/(2*a); 
x2 =(-b-root)/(2*a); 
printf("\n root=%f" root); 
printf("\n x1 =%f",x1); 
printf("\n x2 =%f",x2); 
getch( ); 


Output: 
enter the value of a,bandc 143 


root=2.000000 

x1=1.000000 

x2=3.000000 
Program 16: Write a program to convert lower case characters to uppercase characters. 
Solution: #include<stdio.h> 


#include<conio.h> 


#include<ctype.h> 

void main( ) 

{ 
clrscr(_); 
int lower, upper; 
lower=getchar( ); 
upper=toupper(lower); 
getchar(upper); 
getch( ); 

} 
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Output: 


A 

c 

C 
Program 17: Write a program to convert the upper case characters into lowercase 
characters. 
Solution: #include<stdio.h> 

#include<conio.h> 

#include<ctype.h> 


void main( ) 


{ 
clrscr(_); 
int lower, upper; 
upper=getchar( ); 
lower=tolower(upper); 
putchar(lower); 
getch( ); 

} 

Output: A 

a 

D 

d 


Program 18: Write a program to print your name, father’s name, mother’s name, 
address and contact number. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
printf("Name : Manu Bansal"); 
printf("\n Father’s Name : Mr. Anil Agarwal"); 
printf(" \n Mother’s Name : Mrs. Nidhi"); 
printf(" \n Address : H.N.-143, Avas Vikas Colony - 2, 
Anupshahr Road, Bulandshahr"); 
printf("\n Contact Number : 9319318700"); 
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getch( ); 


Output: 
Name : Manu Bansal 
Father’s Name : Mr. Anil Agarwal 
Mother’s Name : Mrs. Nidhi 
Address : H.N.-143, Avas Vikas Colony-2, 
Anupshahr Road, Bulandshahr 
Contact Number : 9319318700 
Program 19: Ramesh’s basic salary is input through the keyboard, his dearness 
allowance is 40% of basic salary and house rent allowance is 20% of basic salary. Write a 
program to calculate his gross salary. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
float bs, hra, da, gs; 
printf("\n Ramesh’s basic salary is="); 
scanf("%f", &bs); 
hra=(bs*20/100); 
da=(bs*40/100); 
printf("\n House rent allowance=%f ",hra); 
printf("\n Dearness allowance=%f ",da); 
gs=bs+hra+da); 
printf("Gross salary=%f ",gs); 
getch( ); 


Output: 
Ramesh’s basic salary is=2500 
House rent allowance=500.00 
Dearness allowance= 1000.00 
Gross salary=4000.00 
Ramesh’s basic salary is=2000 
House rent allowance=400.00 
Dearness allowance=800.00 


Gross salary=3200 
g| 
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Program 20: If the marks obtained by a student in five different subjects are input 
through the keyboard. Find out the aggregate marks and percentage of marks obtained by 
the student. Assume that the maximum marks that can be obtained by a student in each 
subject is 100. 

Solution: #include<stdio.h> 

#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float s1,s2,s3,s4,s5; 
float agg,per; 
printf("enter the marks obtained by student in every subject"); 
scanf("%f %f Vf Vf%f", &s 1, &s2,&s3,&s4,&s5); 
agg=(sl+s2+s3+s4+s5); 
per=(sl+s2+s3+s4+s5)/5; 
printf(\n percentage=%f",per); 
printf("\n aggregate marks=%f",agg); 
getch( ); 


Output: 
Enter the marks obtained by student in every subject 
26 
59 
58 
59 
60 
percentage=52.4 
aggregate marks=262 
Enter the marks obtained by student is every subject 
60 
65 
60 
56 
60 
percentage marks = 60.2 


aggregate marks = 301 
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Program 21: Temperature in a city in Fahrenheit degree is input through the keyboard. 


Write a program to convert the temperature into Centigrade degree. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
float F,c; 
printf("enter the temperature in Fahrenheit degree"); 
scanf("%f ", SF); 
c=5*((F-32)/9); 
printf("Temperature in Centigrade=%f \n",c); 
getch( ) 
} 


Output: 
enter the temperature in Fahrenheit degree 25 
Temperature in Centigrade=3.888889 


Program 22: The length and breadth of a rectangle and radius of a circle are input 
through the keyboard. Write a program to calculate the area and parameter of rectangle 


and area and circumference of circle. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float len,bre,r,pie=3.14,aor,por,aoc,coc; 
printf("enter the length and breadth of rectangle"); 
scanf("%f%f",&len, &bre); 
printf("enter the radius"); 
scanf("%f",&r); 
por=2*(len+bre); 
aor=(len*bre); 
aoc=(pie*r*r); 
coc=(2*pie*r); 
printf("\n parameter of rectangle=%f ",por); 


printf("\n area of rectangle=%f ",aor); 


> 
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printf("\n area of circle=%f ",aoc); 
printf("\n circumference of circle=%f ",coc); 


getch( ); 


Output: 
enter the length and breadth of rectangle 
25 
36 
enter the radius 6 
parameter of recangle= 122.000000 
area of rectangle=900.000000 
area of circle=113.040001 
circumference of circle=37.680000 
Program 23: Two numbers are input through the keyboard. Write a program to 
interchange these value. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser( ); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
printf("a=%d \n b=%d",b,a); 
getch( ); 

} 

Output: 

enter the value of a and b 35 62 

a=62 

b=35 

enter the value of a and b 100 300 

a=300 

b=100 


Program 24: If a five digit number is input through the keyboard, write a program to 
calculate the sum of its digits. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
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clrscr(_); 

int a,b,c,d,e,sum; 
printf("enter a five digit number"); 
scanf("%d", &a); 
b=a%10; 

a=a/10; 

c=a%10; 

a=a/10; 

d=a%10; 

a=a/10; 

e=a%10; 

a=a/10; 
sum=(at+b+c+d+e); 
printf("\n sum=%d",sum); 
getch( ); 


Output: 
enter the five digit number 12345 
sum=15 
enter the five digit number 56781 
sum=27 


Program 25: If a five digit number is input through the keyboard. Write a program to 


reverse the number. 

Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrser( ); 
int a,b,c,d,e; 
printf("enter the five digit number"); 
scanf("%d",&a); 
b=a%10; 
a=a/10; 
c=a%10; 
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a=a/10; 
d=a%10; 
a=a/10; 
e=a%10; 
a=a/10; 
printf("%d%d%d%d%d",b,c,d,e,a); 
getch( ); 
} 
Output: 
enter the five digit number 12345 
54321 
enter the five digit number 12131 
1312] 


Program 26: Write a program to calculate volume of a box. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float 1,b,h,v; 
printf(" enter the value of length, breath and height"); 
scanf("%f%f%f", Sl, &b, &h); 
v=(I*b*h); 
printf("\n volume of a box=%f",v); 


getch( ); 


Output: 
enter the length, breath and height 6 3 5 
volume of a box=90.00 
enter the length, breath and height 3.00 6.20 5.61 
volume of a box=104.35 


Program 27: Write a program to find the space covered in memory (in byte) by a 


character, floating number and integer number. 
Solution: #include<stdio.h> 


#include<conio.h> 
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void main( ) 

{ 
clrscr(_); 
char ch; 
int a; 
float b; 
printf("\n Memory space cover by a character in byte=%d", sizeof(ch)); 
printf("\n Memory space cover by a integer in byte=%d", sizeof(a)); 
printf("\n Memory space cover by a floating in byte=%d", sizeof(b); 
getch( ); 


Output: 

Memory space cover by a character in byte= 1 

Memory space cover by a integer in byte=2 

Memory space cover by a floating in byte=4 
Program 28: Write a program to write your name in the middle of computer moniter. 
Solution: #include<stdio.h> 

#include<conio.h > 


void main( ) 


{ 
clrser( ); 
goto xy(30,10); 
printf("MOHIT AGGARWAL); 
getch( ); 

} 

Output: 
MOHIT AGGARWAL 


Program 29: Write a program to solve a set of linear equations with two variables. 


axt by =o 


a,x + by =C, 
Here the solution is given by 


b,c, — be 
gani 1°2 


a,b, — ba, 

— 41% — 4 
ma b, — ba 
i93 = Opes 


Solution: #include<stdio.h> 


#include<conio.h> 
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void main( ) 


{ 
clrscr(_); 
float x,y,al,a2,b1,b2,cl,c2; 
printf("enter the value of al,a2,b1,b2,cl and c2); 
scanf ("%f%f%f%F%f%F",&al ,&a2,&b1,&b2,&cl1,&c2); 
x=(b2*cl-b1*c2)/(al*b2-a2*b1); 
y=(al*c2—-a2*cl)/(al*b2-a2*b1); 
printf("\n coefficient of the first equation %f%f%f",al,b1,c1); 
printf("\n coefficient of the second equation %f%f%f",a2,b2,c2); 
printf("\n print the value of x=%f \xy=%f ",x,y); 
getch( ); 

} 


Output: 
enter the value of al,a2,b1,b2,cl and c2 
1 3 5 1 5 6 
coefficient of the first equation 1.000000 5.000000 5.000000 
coefficient of the second equation 3.000000 1.000000 6.000000 
print the value of x=1.785714 
y=0.642857 


Program 30: A particle which was initially at rest is moving with acceleration a, the 


distance traveled by the particle at time t is given by the formula s = ; at’. The velocity 


v =at. Write a C program to read a and t and print t, a and v. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float s,t,a,v; 
printf("enter the time and acceleration"); 
scanf("%f%f", &t,&a); 
s=(0.5*a*t*t); 
v=a"t; 
printf("\n time=%f \n acceleration=%f \n velocity=%f",t,a,v); 
printf("\n distance=%f",s); 
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getch( ); 


Output: 
enter the time and acceleration 3.0 10 
time=3.000000 
acceleration = 10.000000 
velocity=30.000000 
distance=45.000000 
Program 31: Write a C program to read two integer i and j. Print the quotient and 
remainder when i is divided by j, without using the % operator or mod function. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int 1,j,q,¥; 
printf("enter the value of i and j"); 
scanf("%d%d", Si, &j); 
q=i/j; 
r=i-q*j; 
printf("\n Quotient=%d \n Remainder=%d",q,r); 
getch( ); 


Output: 
enter the value of i andj 398 
Quotient=4 
Remainder=7 
enter the value of i andj 286 
Quotient=4 
Remainder=4 
enter the value of i andj 253 
Quotient=8 
Remainder= 1 
Program 32: Ifa box with its sides a, b and c and its volume and surface area are given by 
the formula 
v = abc and s = 2 (ab + be + ca) 


write a C program to read the sides a, b, c and print the volume and surface area. 
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Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser( ); 
int a,b,c; 
float v,s; 
printf("enter the value of a,b and c"); 
scanf("%d%d%d",&a,&b,&c); 
v=a*b*c; 
s=2*(a*b+b*c+c*a); 
printf("\n volume=%f \n surface \%f",v,s); 
getch( ); 

} 

Output: 
enter the value of a, b andc 654 


volume= 120.000000 
surface= 148.000000 


Program 33: The sum of first n natural numbers is given by the formula 
_a (n + 1) 
2 


sum 


wirte a C program to read n and print the sum of n natural numbers. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser( ); 
int n,sum; 
printf("enter the natural number"); 
scanf("%d",&n); 
sum=(n*(n+1))/2; 
printf("\n sum of input natural numbers=%d",sum); 
getch( ); 
} 


Output: 


enter the natural number 9 
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sum of input natural numbers=45 
enter the natural number 100 
sum of input natural number=5050 
Program 34: Write a C program to read the principal, rate of interest and the number of 


years and find the simple interest using the formula 


; : PNR 
simple interest= Tog, 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser(_); 
float P,N,R,S; 
printf("enter the value of principal, rate of interest and number of years"); 
scanf("%f%f%F ",&P,&R,&N); 
S=(P*N*R)/100; 
printf("\n simple interest=%f",S); 
getch( ); 


Output: 
enter the value of principal, rate of interest and number of years 
5 
12036.30 
5 
Simple interest=3009.07495 | 
enter the value of principal, rate of interest and number of years 
2 
10000.00 
6 
Simple interest= 1200.00 
Program 35: Write a C program to find the maturity value of a principal P due to the 
rate of compound interest r% using the formula. 


n 
Maturity=P (1 + 5) 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 


void main( ) 
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clrser( ); 

float m,p,n,1,V,S; 

printf("enter the value of principal, rate and time"); 
scanf("%f%f%F",&p, &r, &n); 

v=(r+r1/100); 

s=pow(v, n); 

m=p*s; 

printf("\n maturity=%f",m); 

getch( ); 


Output: 
enter the value of principal, rate and time 
1000 
6 
3 
maturity=1191.015869 
enter the value of principal, rate and time 100000.00 9 6 
maturity=167710.046875 


2.6 C Preprocessor 


C preprocessor is a macroprocessor program that processes the source program before it is 
compiled. It is a collection of special statements called preprocessor statements or 
preprocessor directives. These directives are executive before the C program passes 


through the compiler. Figure shows the stages involved in compiling a C program. 


Soc Pagan» [Errosa] [Compiles] e Pagan 


Fig.3 


2.6.1 Preprocessor Directives 

These are statements which begin with the # symbol placed in the first column. They are 
placed before the function main( ). There will be no semicolon at the end of such 
statements. There are four categories of preprocessor directives. They are : 

1. Simple string replacement 

2. Macro-substitution directives 

3. File inclusion directives 
4 


. Conditional compilation directives 


OO 
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To decide what action to perform, it looks for lines beginning with preprocessor directives. 
Some of them should be familiar, we already used # include and # define in many of our 


programs. Given below are the preprocessor directives and their uses: 


Directive 


#define define a macro 

#include include text from a file 

#undef undefine a macro 

#if test if a compile-time condition holds 
#else indicate alternatives if a text fails 
#endif end a conditional preprocessor 


#elif establishes if-else-if chain for multiple compilation options 


#line provide a line number 


2.6.1.1 Simple String Replacement 


The string replacement through a preprocessor is easier. It is a program that processes the 
source code before it passes through the compiler. It is the replacement of another string 


which is accomplished through #define statement. 
#define: The preprocessor allows constants to be named using the #define notation. The 
general form of the direction is: 
#define macro name char-sequence 
If you wish to define a standard error message, you might write something like this : 
#define E_AE "standard error on input" 
[* */ 
printf("E_AE"); 
The compiler will actually substitute the string 
"standard error in input" 
When the identifier E_AE is encountered. To the compiler, the printf statement actually 
appear to be 
printf("standard error on input"); 
No substitutions occur if the identifier is with in a quoted string. 
For example 
#define rest "this is rest" 
printf("Rest"); 
does not print this is rest, but rather Rest. 
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2.6.1.1.1 Macro Expansion 


When the equivalent text consists of more than a single value, operator on variable, the 
symbolic name is referred to as macro and substitution of the text in place of the symbolic 


name is called a macro expansion. 
The following directive will substitute a printf instruction for the constant named 
ENTER. 

#define ENTER 

printf("enter a number"); 
When we want to display the message named in the printf command, we just use the 
instruction ENTER, like this : 

#define ENTER 

printf("enter a number"); 


void main( ) 


{ 
int x, y; 
ENTER 
scanf("%d",&x); 
ENTER 
scanf("%d",&y); 
} 


Now, when this program is executed, the prompt enter a number which will be displayed, 


just as if the printf instruction appeared in the main( ) program. 


2.6.1.2 Macro-Substitution Directives 


Macro substitution is a process of replacing an identifier of a C program by a constant or a 


symbolic constant. This can be accomplished by the directive #define. The syntax is 
#define identifier CSE string 
Example: 
#define Mark 100 
#define Name “Anjali” 
#define city “Bulandshahr” 
#define Average 89.94 
#define Pie 3.14 


Example 1: Write a program to find out the area of a circle with a macro-substitution. 
Solution: #include<stdio.h> 


eS 


Operators and Preprocessor 81 


#define Pie 3.14 

void main( ) 

{ 
clrser( ); 
float area, r; 
printf("\n enter the radius"); 
scanf("%f ",&r); 
area=Pie*r*r; 
printf("\n area=%f ",area); 
getch( ); 

} 


Example 2: Write a program to find out the ratio with the macro-substitution. 


Solution: #include<stdio.h> 
#include<conio.h> 
#define num(16.0-14.2) 
#define den(14.6+9.5) 
void main( ) 
{ 
clrser( ); 
float ratio, num, den; 
ratio=num/den; 
printf("\n Ratio=%f ",ratio); 
printf("\n Num=%f ",num); 
printf("\n den=%f ",den); 
getch( ); 
} 
Example 3: Write a program where two integers are to be entered through the keyboard. 
Find out the greatest number with the macro. 
Solution: #include<stdio.h> 
#include<conio.h> 
#define condition if(x>b) 
#define PRINT printf('\n x is greater"); 
void main( ) 


{ 
> oo er, ao 
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clrscr( ); 
int x, y; 
printf("enter the value of x and y"); 
scanf("%d%d",&x,&y); 
condition 
PRINT 
getch( ); 
} 


2.6.1.2.1 Macro can be classified into two groups 

1. Simple macro definition 

2. Macro definition with arguments 

1. Simple Macro Definition: A macro is simply substitution string that is placed in the 


program. For example, as given in above example, each occurrence of the identifier 
ENTER as a token is replaced with : 


printf("enter a number"); 
Once a macro name has been defined, it may be used as part of the definition of other 
macro names. For example, 

#define ONE | 

#define two ONE+ONE 

#define three ONE+TWO 


2. Macro Definition with Arguments: So far we have defined names so that they are 
always replaced by the same text. There are times, however, when we want the 
replacement text to act like a template that is filled in differently each time we use the 


name. We can do this by defining a macro with parameters. 
Syntax 
#define macro-define (namel, name2, ....... name n) 


replacement-text 


2.6.1.3 File Inclusion 


If a function program in another file is required in the current program, then that file can 
be included in the current program by “include” statement. Then all function program 
written in the included file can be used in the current file. This saves rewriting of ready 


function in the main program. It is written as : 
#include<file name> 
or 


#include“file name” 
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#include <stdio.h> 


or 
#include“stdio.h” 


This statement includes “stdio.h” file in the program and all functions in this file can be 
accessed by the file in which it has been included. The header files are included only by 
first statement and general or header file can be included by second statement. All the 
C-preprocesses must be written in the beginning of the file as first executable statements of 


the program. 


This is a process of inserting external files containing functions or macro definitions into 
the C program. This avoids rewriting those functions or macro definitions. An external file 
containing function can be included in a C program using the #include. The syntax of 


#include is as follows : 
#include file name 
where, 
#include > Preprocessor directive for file inclusion 
file name > Name of the file containing the required function definition to the 
included in a C program. 
Example: 
#include<stdio.h> 
#include<conio.h> 
#include<math.h> 
#include“Grade.c” 


#include“Fact.c” 


When such statements appear in a program, the preprocessor inserts the entire code of 
function or macro at that point. When the filename is written within a pair of angle 


brackets, the specified file is searched only in the standard directories. 


2.6.1.4 Conditional Inclusion 
Conditional inclusion is used for conditional selection of parts of the source file. 
Conditional selection is rarely performed using #defined values. 
#if and #end if : #if evaluates a constant integer expression. You always need a #endif to 
delimit end of statement. 
The general form of #if is: 

#if constant-expansion 

statement sequence 

#endif 
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If the constant expression #if is true, the code that is between it and #endif it is 
completed. Otherwise, the intervening code is skipped. The #endif directive marks the 


end of an #if block. 
Example 4: A simple example of #if and #endif directive. 
Solution: #include<stdio.h> 
#include<conio.h> 
#define M 100 


int main(void) 


{ 
#if(M>99) 
printf("\n compiled for array greater than 99"); 
#endif 
getch( ); 
} 


#else : The #else directive works much like the else that is part of the C language. It 


establishes an alternative if #if fails. 
Example 5: A simple example of #else directives. 


Solution: #include<stdio.h> 
#define M 100 
int main(void) 
{ 
#if M>99 
printf("\n compiled for array greater than 100"); 
#else 
printf("\n compiled for small array"); 
#endif 
getch( ); 
} 
#elif : The #elif directive means “else if” and establishes and if-else chain for multiple 
compilation option. #elif is followed by a consultant expression. If the expression is true, 
that block of code is compiled and no other #elif expressions are tested. Otherwise, the 
next block in the series is checked. The general form of #elif is 
#if expression 
statement sequence 


#elif expression] 


eS 


Operators and Preprocessor 85 


statement sequence 
#elif expression2 
statement sequence 


#elif expression n 
statement sequence 


#endif 


2.6.2 Features of Macros 
Simple Macros 

Macros with Arguments 
Predefined Macros 
Stringification 
Concaternation 


Undefining Macros 


a e aa a a 


Redefining Macros 


2.7 Bit Fields 


A bit field is a special type of structure member, in the several bit fields can be packed into 
an int. While bit fields are available, they are defined in terms of bit rather than characters 
or integers. Bit fields are useful maintaining single or multiple bit flags in an integer 
without having to use logical AND and OR operations to set and clear them. They can also 
assist with combining and dissecting bytes and words that one sends to and receives from 


external devices. 


The formal declaration of the bit field is same as the declaration of a structure, but there is 
a difference in accessing and using a bit field in a structure. The number of bits required to 
a variable, must be specified and followed by a colour while declaring a bit field. The bit 
fields must be signed or unsigned integers from 1 to 16 bits. Number of bits will be 


depending upon the machine you are using. 


The bit field is very much useful with data items where only a few bits are required to 
indicate a true or false condition. Secondary, the bit field is used to save memory space, as 
the number of bits required are declared for each variable in a structure. So C will 


accommodate all these bits into a packed binary form. 


i 
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The general format of bit field declaration is as follows: 


struct user-defined name 


member |; 
member 2; 
member 3; 
PE EA A g 
PE EE ER ; 
member n; 

ie 


Where the individual elements have the same meaning as in the structure declaration, 
each member declaration must now indicate a specification indicating the size of the 
corresponding bit field. To do so, the member name must be followed by a colour and an 
unsigned integer indicating its size of field. The interpretation of these bit fields may vary 
from one C compiler to another. For example, some C compilers may order the bit fields 
from right to left whereas other C compiler will order them from left to right. 


For example 


struct data 


{ 
unsigned day 5; 
unsigned month 4; 
unsigned year 7; 

J 


A bit field is a set of adjacent bits whose size can be from 1 to 16 bits in length. A word can 
therefore be divided into a number of bit fields. The name and size of bit fields are defined 


using a structure. The general form of bit field definition is: 


struct tag_name 


{ 
data type name | : bit length; 
data type name 2 : bit length; 
data type name 3 : bit length; 
data type name n : bit length; 
} 
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The largest value that can be stored is 2"~ 1 


where n > bit length. 


There are several specific points to observe: 
1. The first field always starts with the first bit of the word. 


2. A bit field cannot overlap integer boundaries. That is, the sum of lengths of all the 
fields in a structure should not be more than the size of a word. In case, it is more, the 


overlapping field is automatically forced to the beginning of the next word. 
3. There can be unnamed fields declare with size. 
4. There can be unused bits in a word. 
5. We cannot take the address of a bit field variables. This means we cannot use scanf( ) 
to real values into bit fields. We can neither use pointer to access file the bit fields. 
6. Bit fields cannot be arrayed. 


7. Bit fields should be assigned values that are within the range of their size. If we try to 


assign larger values, behaviour would be unpredicted. 
For example 


struct personal 


{ 
Unsigned sex | 
Unsigned age 7 
Unsigned m_status | 
Unsigned children 3 
Unsigned name 4 

}; 


struct personal emp; 


Example 6: Write a program to declare the member of a structure using a bit field data 
type and to display the contents of the structure. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
struct date 
{ 
unsigned int day=5; 
unsigned unit month : 4; 


unsigned int year : 7; 


> 
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J 

struct date s; 

s.day=15; 

s.month=6; 

s.year= 1959; 

printf("\n Date=%d%d/%d", a.day, a.month, a-year); 
printf("\n s required %d bytes",sizeof(s)); 

getch( ); 


Output: 
Date= 15/6/1959 


s requires 2 bytes 


2.7.1 Predefined Macros 
C language provides many predefined macros. Few commonly used predefined macros are 


listed in the following table along with the example of their usage. 


Meaning 


Provides a string constant in the form “mm.dd.yyyy”. Containing the 


date of translation. 
Provides a string constant containing the name of source file. 


Providing an integer constant containing the current statement 


number in the source file. 


Provides a string constant in the form “hh mn ss” containing the time 


of the translation. 


14. 
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Exercise 


Name the function, using which one character input can be taken in the program ? 
Name the function, using which three integer values could be accepted within the 
program. 

Name the function, using which three float values could be displayed on the screen. 
Using which formatting character, value stored in character variable could be 
displayed on the screen. 

F is a float variable and F = 100.00. Which character for g, would be used as control 
string character to display the value of F = 100.00. 

Which preprocessor directive will you use for including a header file in your program ? 
Write general syntax for using #include directive in your program. 

Write two directives used for conditional compilation. 

What will be the result of x = y%3, when y=103 and x =3. 

What is the use of bit operators ? Describe any two bit operators of C. 

Give example of conditional, shift and OR operators. 

2 2 


Evaluate the expression e+ J +27, 


Differentiate between: 
(i) Relational operators and logical operators 

(ii) ++x and x++ 

(iii) Logical AND and logical OR operators 

(iv) >> and << operators 

Define the terms 

(i) Associativity (ii) | Precedence 

How do you classify C operators ? 

What is a conditional operator ? When do you use this operator ? 

What are bitwise operators ? Explain with suitable example. 

What is the use of modulus operator ? 

Describe the usage of getchar( )and putchar( ) function, taking a suitable example. 
Explain the role of scanf( ) function, taking a suitable example. 

Explain the role of printf( ) function, taking a suitable example. 


Write a program, which accepts basic pay, from the keyboard and then calculates 
and prints DA net pay and income tax amount. The DA is 95% of the pay and 


income tax is 10% of the total salary. 
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What is the need of input-output statements ? 

Differentiate between: 

(i) Unformatted and formatted I/O statement. 

(ii) scanf( ) and gets( ) with reference to string input. 

Write a C program to find the value of y in the following equation: 
y= x +3x+1 

Explain the use of #if, #else, #endif and #else if. 

Write a short note on C preprocessor. 

What do you understand by C preprocessor ? Why it is used ? 


Write short notes on macros ? Differentiate between macros and variable name. 
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3.1 Introduction 


As mentioned earlier in C language, program execution starts from the first line of the 
main( ) function and continues line after line, till the end of the function is reached. Often 
while writing programs for real life problems, this normal flow of execution need to be 


altered. To do this, C language provides many control commands. 


Control commands provide means for the normal flow of execution and turn it into some 
other direction. 


A statement is an executable component of a program which causes the computer to carry 
out some action. A statement in a programming language can be compared to a sentence in 
a natural language that we practise in our daily life. As sentences are ended with a full stop 
(period), statements in a program are ended with a semicolon. 


A programming language can support different types of statements such as comment 
statement, simple and compound statements, declaration statement, control statement, 
preprocessor statement, input-output statements etc. 


Statement 


T T: 


Simple and Compound Declaration Control 
Statement Statement Statement 
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3.1.1 Simple and Compound Statement 


A simple statement is an expression statement. That is, it consists of an expression 
followed by a semicolon. The execution of such a statement involves the evaluation of an 


expression. For example: 
int a=20; 
float b; 
b=a+4.0; 
Here, 
b=a+4.0 is a simple statement 


A null statement is also a simple statement. It is useful when the language stresses the need 


for a statement and does not require any logic. 


Example: If you want to start printing the characters from the fifth element onwards in a 
character array, then simply pass the first four character in that array. This is done as 


follows: 


for (i=1;i<=4;i++) 


{ 

// null statement 
} 
read pos=i; 


You can also have a superfluous null statement in your C program. This is, an assignment 


statement that could be followed by a null statement, as shown below: 


c=atb; 


There are two statements: 


1. One is the straight forward assignment statement (c=a+b) which assigns the sum of 
the contents of a and b to c. 


2. One is the null-statement. This statement will not cause any compilation error. 


A compound statement consists of several individual statements enclosed within a pair 
of braces. A compound statement helps in embedding statements. Remember these 
points: 

(i) Unlike a single statement, a compound statement does not terminate with a 


semicolon. 


(ii) In a compound statement, the individual statement may be single on compound 
statement. 


(iii) Like a null statement, a null compound statement may appear in a program. 
(iv) A compound statement can appear anywhere within a C program. 


(v) A compound statement is a block statement and emphasizes the local scope of 
variables. 
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Examples: 
if (a[i]>a[z]) 
{ 
temp=al[i]; 
ali]=a[z]; 
a[z]=temp; 
} 


3.1.2 Declaration Statement 


Every object must be defined before it is used in a C program. This is done by declaration 
statement. The declaration statement can be placed anywhere in the C program. This 
helps the compiler to note down the object and reserve memory for that object. 


A declaration statement consists of a data type, followed by one or more objects, ending 


with a semicolon. 


Example: int a, b, c; 
float x, y; 
char ch; 
long int z; 
int *pl, *t; 
Multiple identifier definitions within a single declaration statement may cause an error 


due to mixture of variables, pointers, structures and references. 


Example: 

int * pl,p2,p3; 
Here, in this declaration it is not clear whether the programmer intended p1, p2 and p3 as 
pointer or only p1 and p2 as pointers and p3 as an object. In such case, we can rewrite the 
statement as two separate statements. 

int * pl,p2,p3; 

int p4; 


3.1.3 Control Statement 

A program consists of a number of statements which are usually executed in sequence. 
This type of execution is called sequential execution. But, in reality, this is not always true. 
Programs can be much more powerful if we can control the order in which statements are 
run. There may be a need for transfer of control during the execution of a program. This 


transfer of control may be conditional or unconditional. 


An unconditional transfer of control causes the execution of program from one point in a 
program to some other statement inside a program. However, the conditional transfer of 


control makes the execution selective and/or repetitive. 
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The control statements may be categorized in three different types: 
1. Conditional/Branching Statements 
if-statement 
if-else statement 
switch-case statement 
2. Loop Statement 
for loop statement 
while loop statement 
do-while loop statement 
3. Breaking Control Statement 
break statement 
continue statement 


goto statement 


3.2 Conditional/Branching Statement 
The conditional statements are mainly used for decision making. 


3.2.1 if-Statement 


It tests a condition. The statement(s) associated with is/are executed when the condition is 
true, otherwise the statement(s) is/are not executed at all. 


An if statement tests a particular condition. If the condition is true then statement or set 
of statements is executed. If the condition evaluates to false then it will come out of loop. 


This is used to execute a statement or a set of statements conditionally. It is a simple 
if-statement. It is called a one way branching. Here, the logical condition is tested which 
results in either a true or false. If the result of the logical test is true then the statement that 
immediately follows if is executed. If the logical condition is false, then control transfers to 
the next executable statement, that immediately follows it. The condition may be 
expression containing constants, variables or logical comparisons. The condition must be 
written within the parenthesis . The syntax for an if statement is: 

if(condition) 

statement( ); 


where condition > is a logical expression that results in true or false 
statement > a simple or a compound statement. 
A simple statement is a single statement. On the other hand, a compound statement is a 


collection of two or more statement placed between the braces. But, for a simple 
statement, no braces are required. 
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It can be shown with the help of flowchart given in the figure: 


$ 


Statement 


Next Statement 
if any 
Fig. 1: If-Statement 


The statement can be either simple or compound. Generally, it is compound (two or more 


statements) statement which may have other control statements. 


Example 1: Two integer numbers are input through the keyboard. Write a program find 


out the greater number. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr ( ); 
int x,y; 
printf("enter the value of x and y"); 
scanf("%d%d",&x,&y); 
if(x>y) 
printf ("x is greater"); 
if(y>x) 
printf("y is greater"); 
getch( ); 


Output: 
enter the value of x and y 20 16 
x is greater 
enter the value of x andy 6 8 


y is greater 
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Example 2: One integer number is input through the keyboard. Write a program find 


out the number is even or odd. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int a; 
printf("enter the integer number"); 
scanf("%d",&a); 
if(a%2==0) 
printf("even number"); 
if(a%2!=0) 
printf("odd number"); 
getch( ); 
} 
Output: enter the integer number 22 
even number 
enter the integer number 11 


odd number 


3.2.2 if-else Statement 


if-else statement is basically decision making command. It involves one condition and two 
courses of action. When this statement gets executed, given condition is evaluated. If it is 
found true that first action get executed. On the other hand, if the given condition 
evaluates to false, second statement gets executed. 


The example of if used above is considering the condition of if is true, but what happen 
when condition is false, then other set of statements will be executed i.e., the else part of 
the if-statement will be executed. After this, the rest of the program continues as normal. 


It tests a condition. The statement is executed when the condition is true, otherwise next 
statement is executed. The statements may themselves be compound statements. 


The if-else statement is used to execute only one condition. If there are two statements to 
be executed alternatively, then if-else statement is used. The if-else statement is a two way 
branching. The syntax of if-else is: 

if (condition) 

{ 


statement l; 
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else 


{ 


statement 2; 


False True 


Statement | 


Statement 2 


Next Statement 
(if any) 
Fig.2: if-else Statement 
Example 3: Any year is input through the keyboard. Write a program to find out year is 
leap year or not. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr( ); 
int a; 
printf("enter the year"); 
scanf("%d",&a); 
if(a%4==0) 
{ 
printf("year is leap year"); 
} 
else 
{ 
printf("year is not leap year"); 
} 
getch( ); 
} 


Output: 
enter the year 2000 
year is leap year 
enter the year 1999 


year is not leap year 
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Example 4: Two integer number are input through the keyboard, write a program to find 
out the greatest number. 


Solution: 


Output: 


#include <stdio.h> 


#include<conio.h> 


void main( ) 


{ 


} 


clrscr(_); 

int a,b; 

printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 


if(a>b) 
{ 
printf("a is greater"); 
} 
else 
{ 
printf("b is greater"); 
} 
getch( ); 


enter the value of a and b 25 40 
b is greater 
enter the value of a and b 39 29 


a is greater. 


3.2.2.1 Nested if-Statement 


In nested if statements, another if statement is placed either in if branch or in else branch 


or in both the branches. Thus, there are various versions of nested if-statement. 


If there are more than two alternatives to select, then the nested if-statement are used. 


Enclosing if within another if, it is called a nested if-statement. 


if(condition 1) 


{ 


} 


statement |; 


if(condition 2) 


{ 


statement 2; 
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3.2.2.2 Nested if-else Statement 
In C, it is possible to nest if-else statements within one another. One or more if 
statement(s) embedded within the if-statement are called nested ifs. The following if-else 


statement is a nested if-statement nested to level three: 


if(condition) 
{ 
else 
{ 
if(condition) 
{ 


statement 3; 


} 


statement 2; 


} 


statement 3; 


} 


The logic of execution is in figure below: 


} 


Statement 


Statement 


Statement 


Statement 


Next Statement 


Fig.3: Nested if-else Statement 


Example 5: Write a program to print the week day using if-else statement. 


Solution: #include <stdio.h> 


#include<conio.h> 
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void main( ) 


4 
clrscr(_); 
int day; 
printf("enter the day number"); 
scanf("%d", &day); 
if(day== 1) 
printf("\n Monday"); 
else 
if(day== 2) 
printf("Tuesday"); 
else 
if(day==3) 
printf("\n Wednesday"); 
else 
if(day==4) 
printf("\n Thursday"); 
else 
if(day==5) 
printf(\n Friday"); 
else 
if(day==6) 
printf("\n Saturday"); 
else 
if(day==7) 
printf("\n Sunday"); 
else 
printf("\n your choice is wrong"); 
getch( ); 

} 


Output: 

enter the day number 7 
Sunday 

enter the day number 6 
Saturday 

enter the day number 1 
Monday 

enter the day number 8 


your choice is wrong. 


Se 
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3.2.3 switch( ) Statement 


Switch statement provides means for checking a given expression and selecting one course 


of action among various action available. 


Switch statement, comprises of two sections: 


1. This section is identified by switch keyword and contain the expression that is to be 


evaluated. 


2. This section comprises of multiple case statements, which clearly associate all possible 


outcomes of the expression and the actions to be formed in each case. 


A switch statement is used when there is a choice as to which code to execute, depending 
on the value of a constant expression. Different cases are presented, and are checked one 
by one to see if one case matches the value of the constant expression. If a case matches, 


that block of code is executed. If none of the cases match, the default code is executed. 


The switch case statement is a multiple branch selection statement, which successively 
tests the value of an expression against a list of integer a constants. A switch statement 
allow you to choose a block of statements among several alternatives. This general syntax 


of the switch statement is: 
switch(expression) 
{ 
case |: 
statement l; 
break ; 
case 2 : 
statement 2; 
break ; 
case 3 : 
statement 3; 


break; 


default : 


statement n; 
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The break statement when encountered at the end of each case statements causes the 
control of execution to terminate and transfers the control to next statement following the 
closing curly brace of the switch statement, if there is no break at the end of a particular 
sequence of statement for a particular case label then the statement belonging to the next 
case get execution. 


Body of case | 


Body of case 2 


Fig.4: Switch Case Statement 


The switch statement is often used to process keyword commands such as menu selection. 
The flowchart of switch case statement is illustrate in figure. 


It tests a control expression. The control is transferred to one of the several alternatives. 
The value of the expression may be type int or char but not of type float or double. It is 


generally used for menu driven options. 


The following rules should be used for switch statement: 
1. The expression value must be an integer, hence the type can be int or char. 


2. Case should always be followed by an integer constant, character constant or 
constant expression. 


3. All the cases should be distinct. 


The block of statements under default is executed when none of the cases match the 
value of the expression. 


Default can optionally be present. 
Cases and default can occur in any order. 


The break statement causes an explicit exit from the switch statement. If it is not 
present, after executing the case which match the value of the expression, the 


following other cases are executed, as C treats the cases just as labels. 


eS 
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3.3 The break Statement 


It causes an exit from the switch body. Control goes to the first statement following the 
end of the switch statement. If the break statement is not used, the control passes to the 
next case constant and the remaining statements in the switch statements in the switch 


construct will also be executed. 
Example 6: Write a program to find out the number of days in a months. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int a; 
printf("enter the number"); 
scanf("%d",&a); 
switch(a) 
{ 
case |: 
printf("\n January days=31"); 
break; 
case 2: 
printf("\n February days=28 or 29"); 
break; 
case 3: 
printf("\n March=3 1"); 
break; 
case 4 : 
printf("\n April=30"); 
break; 
case 5 : 
printf("\n May=31"); 
break; 
case 6: 
printf("\n June=30"); 
break; 


— —— ~ 
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case 7: 
printf("\n July=3 1"); 
break; 
case 8: 
printf("\n August=3 1"); 
break; 
case 9: 
printf("\n September=30"); 
break ; 
case 10: 
printf("\n October=3 1"); 
break; 
case I]: 
printf("\n November=30"); 
break; 
case 12: 
printf("\n December=3 L"); 
break; 
default ; 
printf("wrong choice"); 
break; 

} 

getch( ); 


enter the number 6 
June=30 

enter the number 12 
December=31 

enter the number 8 
August=3 1 

Enter the number 20 


Wrong choice 
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Solved Programs 


Program 1: Demonstration of if statement. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr( ); 
int num; 
printf("enter a number"); 
scanf("%d",&num); 
if(num<=10) 
printf("What an obedient servant you are 2"); 
getch( ); 
} 
Output: enter a number 9 
what an obedient servant you are ? 
Program 2: While purchasing certain items, a discount of 10% is offered if the quantity 
is more than 1000. If quantity and price per item are input through the keyboard. Write a 


program to calculate the total expenses. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int qty; 
float dis=0.10, rate, tot; 
printf("enter the rate and quantity"); 
scanf("%f %d", &rate, &qty); 
if(qty>= 1000) 
tot=((qty*rate) — (qty*rate*dis)); 
printf("\n rate=%f \n dis=%f \n qty=%d", rate, dis, qty); 
printf("\n total expenses=%f", tot); 
getch( ); 

} 
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enter the rate and quantity 15.50 1200 
rate=15.50 

dis=0.10 

qty=1200 

total expenses= 16740.000000 


Program 3: The current year and the year in which the employee joined the organization 


are entered through the keyboard. If the number of years for which the employee has 


served the organisation is greater than 3 then a bonus of Rs. 2500/- is given to the 


employee. If the years of service is not greater than 3, than the program should not do 


anything. 


Solution: 


Output: 


#include <stdio.h> 


#include<conio.h> 


void main( ) 


{ 


} 


clrscr(_); 

int bonus, y_ 0_j,e-y/,y _o_s; 

prtinf("enter the year of joining and current year"); 
scanf("%d %d", Sy _o_j, &c_y); 
y_0_s=(c_y)-(y_o0_j)} 

if(y_o_s > 3) 

{ 


bonus=2500; 

printf("%d", bonus); 
} 
printf("\n year of services=%d", y _ o _ s); 
getch( ); 


enter the year of joining and current 
year 1998 2008 
bonus=2500 


year of services= 10 


enter the year of joining and current year 2001 2005 
bonus=2500 


year of services=4 
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Program 4: If the basic salary is less than Rs. 1500, then HRA is 10% of basic salary and 
DA is 90% of basic salary. If his either equal to or above Rs. 1500, then HRA is Rs. 500/- 
and DA is 98% of basic salary. If the employee’s salary is input through the keyboard. 


Write a program to find his gross salary. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float da, hra, bs, gs; 
printf("enter the basic salary"); 
scanf("%f ",&bs); 
if(bs<=1500) 
{ 
hra=(bs*10)/100; 
da=(bs*90)/100; 


else 


hra=500; 
da=(bs*98)/100; 
} 
gs=dathratbs; 
printf("\n basic salary=%f ",bs); 
printf("\n house rent allowance=%f ",hra); 
printf("\n dearness allowance=%f ",da); 
printf("\n gross salary=%f "gs); 
getch( ); 
} 
Output: enter the basic salary 1520.60 
basic salary= 1520.60 
house rent allowance=500.00 
dearness allowance= 1490.187988 
gross salary=3510.788086 
enter the basic salary 1449 
basic salary= 1449.00 


o — ~ 
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house rent allowance= 144.90 


dearness allowance= 1304.099978 


gross salary=2898.0000 


Program 5: The marks obtained by a student in 5 different subjects are input through 


the keyword. The student gets division as per the following rules: 


l. percentage above or equal to 60 — First division 


. percentage between 50 and 59 — Second division 


2 
3. percentage between 40 and 49 — Third division 
4 


. percentage less than 40 — Fail 


(Assume that each subjects contain 100 marks) 


Solution: 


Output: 


#include <stdio.h> 


#include<conio.h> 


{ 


} 


void main( ) 


clrscr(_); 

int S1,S2,S3,S4,S5; 

float per; 

printf("enter marks is five different subjects"); 
scanf("%d%d%d%d%d", &S1,&S2,&S3,&S4,&S5); 
per=(S1+S2+S3+S4+S5)/5; 

if(per>=60) 

printf("First division"); 

else 

if(per>=50 && per<60) 

printf("\n Second division"); 

else 

if(per>=40 && per<50 

printf("\n Third division"); 

else 

printf("\n Fail"); 

getch( ); 


enter marks in five different subjects 


97 
96 
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99 

95 

98 

First division 

enter marks in five different subjects 

55 

54 

56 

54 

52 

Second division 

enter marks in five different subjects 

42 

42 

43 

45 

45 

Third division 

enter marks in five different subjects 

36 

40 

39 

38 

37 

Fail 
Program 6: A company insures its drivers in the following cases: 
— if the driver is married. 
— if the driver is unmarried, male and above 30 years of age. 
— if driver is unmarried, female and above 25 years of age. 
In all the other cases driver is not insured. If the marital status, sex and age of driver are 
from the keyboard. Write a program to determine whether the driver is to be insured or 
not. 

Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


— — ~ 


112 Programming Principle & Algorithm 


clrscr(_); 
char sex, ms; 
int age; 
printf("enter the age, marital status and sex"); 
scanf("%d%c%c", &age,Sms,&sex); 
if(ms=='M') 
printf("Driver is insured"); 
else 
if(sex=='M') 
{ 
if(age>30) 
printf("Driver is insured"); 
else 
printf("Driver is not insured"); 
} 
getch( ); 
} 
Output: 
enter the age, marital status and sex 25 M F 
Driver is not insured 
enter the age, marital status and sex 37 M M 
Driver is insured 


Program 7: Any integer is input through the keyboard. Write a program to find out 


whether it is an odd number or an even number. 
Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr(_); 
int a; 
printf("enter the any integer number"); 
scanf("%d",&a); 
if(a%2==0) 
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printf("number is even number"); 
else 
printf("number is odd number"); 
getch( ); 
} 
Output: enter the any integer number 29 
number is odd number 
enter the any integer number 100 
number is even number 
Program 8: Any year is input through the keyboard. Write a program to determine 


whether the year is leap year or not. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int a; 
printf("enter any year"); 
scanf("%d", &a); 
if(a%4==0) 
printf("year is leap year"); 
else 
printf("year is not leap year"); 
getch( ); 

} 

Output: enter any year 2001 


year is not leap year 
enter any year 2008 
year is leap year 
Program 9: Write a program to evaluates the function 
f(x) = ax? + bif b>=2 
f(x) =ax + bx if b<2 
by using if-else statement. 


Solution: #include<stdio.h> 


#include<conio.h> 


— — ~ 
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void main( ) 


{ 
clrscr(_); 
float a,x,b,f; 
printf("enter the value of a, x and b"); 
scanf("%f%f%f",&a,&x,&b); 
if(b>=2) 
f=((a*x*x)+b); 
else 
f=((a*x) + (b*x)); 
printf("\n The value of f=%f ",f); 
getch( ); 

} 

Output: 

enter the value of a, x and b 

2 

3 

6 


The value of f=24.00 
enter the value of a, x and b 
2 
3 
1 
The value of f=9.00 
Program 10: Student’s age is input through the keyboard, write a program using if-else 
statement, so that a student can appear for the contest if the age is between 5 to 15, 
otherwise student cannot appear for the contest. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float a; 
printf("enter the age of a student"); 
scanf("%f ",&a); 
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if(a>5 && a<15) 

printf("\n student can appear for contest"); 
else 

printf("\n student can not appear for contest"); 


getch( ); 


Output: 
enter the age of a student 14.5 
student can appear for contest 
enter the age of a student 16.2 
student cannot appear for contest 
Program 11: Write a program to calculate the addition, subtraction, multiplication and 
division of two integer number using switch statement. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float a,b,c; 
int n; 
printf("enter the value of a, b and n"); 
scanf("%f%f%d",&a,&b,&n); 
switch(n) 
{ 
case | : 
c=atb; 
break; 
case 2 : 
c=a—b; 
break; 
case 3: 
c=a"*b; 
break; 
case 4: 


c=a/b; 


— —— ~ 


116 Programming Principle & Algorithm 


break; 
default : 


printf("value is not valid"); 


} 
printf("\n c=%f",c); 
getch( ); 
} 
Output: 
enter the value of a, b andn 2 4 1 
c=6.00 
enter the value of a, b andn 2 4 2 
c= -2.00 


enter the value of a, b andn 2 4 3 
c=8.00 
enter the value of a, b and n 2 4 4 
c=2.00 
enter the value of a, b andn2 46 
value is not valid 
Program 12: Write a program to find out the week day using switch statement. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n; 
printf("enter the number of day"); 
scanf("%d",&n); 
switch(n) 
{ 
case |: 
printf("\n Sunday"); 
break; 
case 2: 
printf("\n Monday"); 


break; 
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case 3: 
printf("\n Tuesday"); 
break; 
case 4: 
printf("\n Wednesday"); 
break; 
case 5: 
printf("\n Thursday"); 
break; 
case 6: 
printf("\n Friday"); 
break; 
case 7: 
printf("\n Saturday"); 
break; 
default: 
printf("value is not valid"); 
} 
getch( ); 


Output: 
enter the value of n 1 
Sunday 
enter the value of n 3 
Tuesday 
enter the value of n 5 
Thursday 
enter the value of n 7 
Saturday 
enter the value of n 8 
value is not valid 
enter the value of n 2 
Monday 
enter the value of n 4 


Wednesday 
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enter the value of n 6 
Friday 
Program 13: Write a program to find out the name of months. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n; 
printf("enter the value of n"); 
scanf("%d",&n); 
switch(n) 
{ 
case |: 
printf("\n January"); 
break; 
case 2: 
printf("\n February"); 
break; 
case 3: 
printf("\n March"); 
break; 
case 4: 
printf("\n April"); 
break; 
case 5: 
printf("\n May"); 
break; 
case 6: 
printf("\n June"); 
break; 
case 7: 
printf("\n July"); 
break; 


case 8: 
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printf("\n August"); 
break; 
case 9: 
printf("\n September"); 
break; 
case 10: 
printf("\n October"); 
break; 
case 11: 
printf("\n November"); 
break; 
case 12: 
printf("\n December"); 
break; 
default : 
printf("invalid value"); 
} 
getch( ); 


Output: 
enter the value of n 1 
January 
enter the value of n 2 
February 
enter the value of n 3 
March 
enter the value of n 4 
April 
enter the value of n 5 
May 
enter the value of n 6 
June 
enter the value of n 7 
July 
enter the value of n 8 


August 
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enter the value of n 9 
September 

enter the value of n 10 
October 

enter the value of n 11 
November 

enter the value of n 12 
December 

enter the value of n 15 
invalid value. 


Program 14: Write a program to find whether a quadratic equation has real or imaginary 
roots 


ax? + bx + c=0 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float a,b,c,x,d; 
printf("enter the value of a, b, c and x"); 
scanf ("%f%f%f%f", ca, &b,&c,&x); 
d=(b*b — 4*a*c); 
if(d>=0) 
{ 


printf("\n root are real"); 


printf("\n roots are imaginary"); 


printf("\n d=%f ",d); 
getch( ); 


Output: 
enter the value of a, b, candx 15 23 


Roots are real 


OO 
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d=17.000000 
enter the value of a, b, c andx 1234 
Roots are imaginary 
d=-—8.000000 
Program 15: Ifa, b and c are three points whose co-ordinates are (x1, y1), (x2, y2) and 
(x3, y3). Find out whether the points are collinear and if they are collinear, find the 
equation of the line. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr( ); 
float x1,x2,x3,y1,y2,y3,a,m,x,y,b; 
printf("enter the value of x1, x2, yl, y2, x3 and y3, x and y"); 
scanf("%f%F%F%F%FMF%F%E", &x1,&x2,&y1,&y2,&x3,&y3,&x,&y); 
a=((1/2)*(((x1)*(y2-y3) + ((x2)*(y3-y1)) + ((x3)*(y1-y2))); 
m=((y2-y1)/(x2-x1)); 
if(a==0) 
{ 
b=(m*(x-x1)/(y-y1)); 


printf("points are not colinear"); 


printf("\n area of triangle=%f",a); 
printf("\n slope of line=%f",m); 
printf("\n equation of line=%f",b); 
getch( ); 


Output: 
enter the value of x1,x2,yl,y2,x3 and y3,x and y 
PRLITIA 
area of triangle=0.00 


slope of line=0.00 
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equation of line=0.00 

enter the value of x1,x2,yl,y2,x3 and y3,x and y 
21122121 

points are not colinear 

area of triangle=2.00 

slope of line=1.00 

equation of line=0.00 


Program 16: Radius the circle and (x, y) co-ordinates of a point are entered through 
keyboard. Write a program to find weather the point lies inside the circle, on the circle or 


outside the circle. 


Solution: #include<math.h> 

#include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr(_); 
float x,y,x1,y1,r,d; 
printf("enter the value of x,y,xl,yl and r"); 
scanf("%f%f%F%F%F"", Sx, Sy, &x1,&y1,&r); 
d=sqrt(((x-x1)*(x-x1))-((y-yl)*(y-y}))); 
if(d==r) 
printf("\n On the circle"); 


else 

if(d<=r) 

printf("\n In the circle"); 

else 

if(d>=r) 

printf("\n outside the circle"); 

printf("\n distance between centre and given points=%f",d); 


getch( ); 


Output: 
enter the value x, y, xl, yl andr 12128 
In the circle 


distance between centre and give points = 0.00 


SO 
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Program 17: Write a program to find the value of y for a particular value of k 


if k=1 y =ax+b 

if k=2 y= ax? + b? 

if k= y =ax 

if k=4 y=at+x 
Solution: #include<stdio.h> 


#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
float a,b,x,y; 
int k; 
printf("enter the value a,b,x and k"); 
scanf("%f%f%f%d", Sa, &b,&x,&k); 
switch(k) 
{ 
case |: 
y=(a*x) +b; 
break; 
case 2 : 
y=((a*x*x)+(b*b)); 
break; 
case 3: 
y=(a*x); 
break; 
case 4: 
y=(a+x); 
break; 
default : 
printf("\n value is not valid"); 
} 
printf("\n y=%f",y); 
getch( ); 
} 


Output: 


enter the value of a, b,x andk 2531 
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y =1100 

enter the value of a, b, x and k 2532 
y =43.00 

enter the value of a, b, x and k 2533 
y =600 

enter the value of a, b, x andk 2534 
y =5.00 


enter the value of a, b, x andk 2 6 2 6 
value is not valid 
y =0.00 
Program 18: Write a program to read a real number from the keyboard and to find its 


square root in case it is not negative. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 

{ 
clrscr(_); 
float x,s; 
printf("enter the any real integer number"); 
scanf("%f", &x); 
s=sqrt(x); 
printf("\n square root=%f",s); 
getch( ); 


Output: 

enter any real integer number 3 

square root= 1.732051 

enter the any real integer number 4 

square root=2.00 

enter the any real integer number 5 

square root=2.236068 
Program 19: Write a program to read an integer number from the keyboard, add 1 to it, 
if the number read is even and again add | to it if the number is less than 20, otherwise 


keep the number unchanged. 


Solution: #include<stdio.h> 


#include<conio.h> 
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void main( ) 


{ 
clrscr(_); 
int n, start; 
printf("enter an integer number"); 
scanf("%d",&start); 
n=start; 
if(start%2==0) 
{ 
n=n+ l; 
if(start<20) 
n=n+ l; 
printf("\n Original value of n=%d", start); 
printf("\n Final value of n=%d", n); 
} 
getch( ); 
} 


Output: 
enter an integer number 10 
Original value of n=10 
Final value of n=12 
enter an integer number 100 
Original value of n=100 
Final value of n=101 
enter an integer number 124 
Original value of n=124 
Final value of n=125 


Program 20: A supplier has only one customer for a product. The customer purchases 
the product only once a week. When the order is received the supplier meets the demand if 
sufficient stock is available. Otherwise, the customer either lifts the entire stock available 
with the supplier or refuses to make any purchase and goes elsewhere. Write a program to 
read the existing stock with the supplier, the demand and the customer’s option in case the 


demand exceeds the supply and to display the closing stock. 
Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 
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clrscr(_); 

int demand, stock; 

char option; 

printf("enter the available stock"); 

scanf("%d", &stock); 

printf("enter the demand"); 

scanf("%d", &demand); 

if (demand> stock) 

{ 
printf("\n Maximum stock in hand=%d", stock); 
printf("\n Do you want to purchase type y/n:-"); 
scanf("\%c", &option); 
if(option=="y" :: option=="y") 
stock=0; 

} 

else 

stock=stock—demand; 


printf("\n closing stock=%d",stock); 
getch( ); 


Output: 

enter the available stock 12 

enter the demand 15 

Maximum stock in hand=21 

Do you want to purchase y/n :- n 

closing stock= 12 

Program 21: A machine produces cylindrical pins for which the length, diameter, 

hardness and surface roughness need to be controlled. A pin is rejected, if any one of the 
above parameters is outside the control limits. In order to keep the process under control it 
is required to know the number of products rejected because of each of the four quality 


characteristics. 
Write a program to enter 'L’, 'D', 'H' and 'S' if the product is rejected becuse of inability to 


meet the requirements on length, diameter, hardness and surface roughness and count and 


display the number of products rejected because of each of the above reasons. 
Solution: #include<stdio.h> 
#include<conio.h> 
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void main( ) 
{ 
clrscr(_); 
int n,i, 


int count d, count l, count h, count s; 


char cause; 
count_d=count_l=count_h=count_s=0; 
printf("enter the number of defective produced"); 
scanf("%d",&n); 


printf("\n d=Diameter"); 
printf("\n 1=Length); 
printf("\n h=Hardness"); 
printf("\n s=Surface"); 
i=: 

start : 


printf("\n cause of the defect for prod=%d",i); 
scanf("\n %c",&cause); 
if(cause=='d' :: cause=='d') 
count_d++ 

else 

if(cause=='l' :: cause=="l') 
count_] ++; 

else 

if(cause=="h' :: cause=='h') 
count_h++; 

if(cause=='s' :: cause=='s') 


count_s ++; 


else 

{ 
printf("\n cannot understand the defect please re-enter"); 
goto start; 

} 

i++; 

if(i< =n) 

goto start; 

else 

{ 


printf("\n number of defectives because of "); 


> 
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printf("\n Incorrect diameter=%d",count_d); 
printf("\n Incorrect length=%d",count_]); 
printf ("\n Incorrect hardness=%d",count_h); 
printf ("\n Incorrect surface=%d",count_s); 
} 
getch( ); 
} 
Output: 
enter the number of defective produced 10 
d=Diameter 
l=Length 
h=Hardness 
s=Surface 
cause of the defect the prod 1 d 
cause of the defect the prod 2 1 
cause of the defect for prod 3 d 
cause of the defect for prod 4 h 
cause of the defect for prod 5 d 
cause of the defect for prod 61 
cause of the defect for prod 7 s 
cause of the defect for prod 8 x 
cannot understand of the defect please re-enter 
cause of the defect for prod 8 h 
cause of the defect for prod 91 
cause of the defect for prod 10 d 
number of defectives because of 
Incorrect diameter=4 
Incorrect length=3 
Incorrect hardness=2 
Incorrect surface= 1 
Program 22: A firm produces only three units of a product per day at a production cost 
of Rupees 50 per unit. The product is perishable and losses it’s entire value if it is not sold 
on the same day. It sells the product to only one customer who sends his requirement of 
the day in the morning. In case the demand is more than three units the suplier procures 
additional units from outside at a cost of Rupees 70 per unit. Write a program to read the 


demand for any number of days and to calculate the average daily cost. 
Solution: #include<stdio.h> 
#include<conio.h> 


Conditional Programming 129 


void main( ) 
{ 
clrscr(_); 
int day,i,demand,cost; 
int t_cost=0; 
printf("Number of day:"); 
scanf("%d",&day); 
i=l; 
start : 
printf("enter demand for day %d",i); 
scanf("%d",&demand); 
t_cost=cost; 
i++; 
if(i< =day) 
goto start : 
printf("\n Average daily cost = %f",(float)t_cost/(float)day); 
getch( ); 


Output: 
Number of day : 5 
enter demand for day 1 3 
enter demand for day 2 4 
enter demand for day 3 5 
enter demand for day 4 2 
enter demand for day 5 3 
Average daily cost= 192.00 
Program 23: Write a program to requests the user to enter a character and display a 
message on the screen telling the user whether the character is an alphabet or digit or any 
other special character. 
Solution: #include<stdio.h> 
#include<conio.h> 
#include<ctype.h> 
void main( ) 
4 
clrscr(_); 


char character; 


> 
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printf("Press any key"); 

character=getchar( ); 

if(isalpha(character) >0) 

printf("The character is a character"); 

else 

if(isdigit(character) >0) 

printf("The character is a digit"); 

else 

printf("The character is not alphanumeric"); 


getch( ); 


Output: 
Press any key : g 
The character is a character 
Press any key : 2 
The character is a digit 
Press any key : ? 
The character is not alphanumeric 
Press any key : @ 
The character is not alphanumeric 


Program 24: Write a program to read real numbers, in both decimal point and 


exponential notation. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr(_); 
float x,y; 
double p,q; 
printf("enter the value of x and y"); 
scanf("%f%fF ",&x,&y); 
printf("\n"); 
printf("\n x=%f \n y=%f ")x,y); 
printf("values of p and q"); 
scanf("%1f%lF, Sp, Sq); 
printf("\n p=%lf \n q=%e",p,q); 
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getch( ); 


Output: 
enter the value of x and y 
12.30065478 1236547 .213654e-3 
x=12.30065478 
y=1236.547241 
values of p and q 
45.32314556321 
123.23145698789 
p=45.32314556321 
q=1.232315e + 02 
Program 25: The formula for calculating income tax are as under: 
Income tax = O if income <= 1,00,000 
Income tax = 0.15 (income - 40,00) if income > 1,00,000 


Write a program to calculate income tax of a person having given income according to 


above formula. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr(_); 
float income,in_t; 
printf("enter the income of a person"); 
scanf("%f",&income); 
if(income< = 100000) 
{ 


in_t=0; 


in_t=0.15*(income—100000); 
} 
printf("\n income tax=%f",in_t); 
getch( ); 
} 
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Output: 
enter the income of a person 102123 
income tax=318.450012 
enter the income of a person 100000 
income tax=0.00 
enter the income of a person 90000 
income tax=0.00 


Program 26: Write a program to calculate z for the given value of x by the formulas given 


below: 
z = 3x” —7x+ 2, x<47 
z= 3x’ + 21.2x-0.8, x=4.7 
z= 3x" + 21.3x-1.6, x>4.7 
Solution: #include<stdio.h> 


#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
float x,z; 
printf("enter the value of x"); 
scanf("%f", &x); 
if(x<4.7) 
{ 
z=(3* x* x-7* x42); 
} 
else 
if(x>4.7) 
{ 
z=(3*x*x+21.3*x-1.6); 
} 
else 
z=(3*x*x+ 21.2 *x—0.8); 
printf("\n z=%f",z); 
getch( ); 
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Output: 
enter the value of x 5 
z=179.899994 
enter the value of x 3 
z=8.000000 
enter the value of x 4.7 
Z=35.369995 


Program 27: (x, y) co-ordinates of three points are enter through the keyboard. Write a 


program to find whether they form equilateral, isosceles or scalene triangle. 


Solution: #include<stdio.h> 

#include<conio.h> 

#include<math.h> 

void main( ) 

4 
clrscr(_); 
float x1,x2,y1,y2,x3,y3,d1,d2,d3; 
printf("enter the value of x1,x2,x3,yl,y2 and y3"); 
scanf("%f%f%F%F%F%E"", Sx], &x2,&x3, Sy 1,&y2,&y3); 
d1 = (sqrt ((x2-x1)*(x2-x1))-((y2-y1)*(y2-y}))); 
d2=(sqrt((x3-x2))-((y3-y2)*(y3-y2))): 
d3= (sqrt ((x1-x3)*(x1-x3))-((y1-y3)*(yl-y3))); 
if(dl==d2 && d2==d3 && d3==d1) 
printf("\n ISOSCALES"); 


else 

{ 
if(dl!=d2 && d2!=d3 && d3!=d1) 
printf("\n SCALENE"); 
else 


{ 
printf("\n EQUALILATERAL"); 


Output: 
enter the value of x1,x2,x3,yl,y2 and y3 
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253614 
SCALENE 
enter the value of x1,x2,x3,yl,y2 and y3 
555555 
ISOSCALES 
Program 28: Write a C program to read the value of the variable sex and display the sex 
of person. 
Solution: #include<stido.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int sex; 
printf("Type code 1 for Male and code 2 for Female"); 
scanf("%d",&sex); 
if(sex==1) 
printf("\n Hello! Sir you are a Male"); 
printf("\n You are a Handsome Person"); 
if(sex==2) 
printf("Hello! Madam you are Female"); 
getch( ); 
} 
Output: 


Type codel for Male and code2 for Female : 1 
Hello! Sir you are a Male 
You Are A Handsome Person 
Type code | for Male and code 2 for Female : 2 
Hello! Madam you are Female 
Program 29: Consider the series 
l+¢xtx?4+x34....4+x9 


And write a program to read x and n and to evaluate the sum of the series. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 


OO 
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clrscr(_); 

float sum,x; 

int in; 

printf("type x\n type n"); 
scanf("%f%d",&x,&n); 
i=0; 

sum=1; 

s10: 

i++; 

sum+=pow(x,i); 

if(i<n) 

goto s10; 

printf("\n sum=%f",sum); 


getch( ); 


Output: 
type x 6.0 
typen5 
sum=9331.0000 
type x 5.0 
typen 3 
sum= 156.0000 


Program 30: In an entrance examination, the community code is assigned as follows: 


Forward Class 
Backward Class 


Most Backward Class 
Scheduled Class 
Scheduled Tribe 


Write a program to read them. 


Solution: #include <stdio.h> 
#include<conio.h> 
void main( ) 
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{ 
clrscr(_); 
int code; 
printf("enter the code"); 
scanf("%d",&code); 
if(code==1) 
printf("\n Forward class"); 
else 
if(code==2) 
printf("\n Backward class"); 
else 
if(code==3) 
printf("\n Most Backward class"); 
else 
if(code==4) 
printf("\n Scheduled cast"); 
else 
printf("\n Scheduled tribe"); 
getch( ); 

i 


Output: 
enter the code 2 
Backward class 
enter the code 5 
Scheduled Tribe 
enter the code | 
Forward class 
Program 31: Consider a cold drink shop in which three types of cold drinks are 


available. Write a program to input the code and output the name of drinks and its price. 


The three types of cold drinks and their prie and codes are shown below: 


Conditional Programming 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
char drink; 
printf("enter cold drinks code P, T, S"); 
switch(drink=getchar( )) 
{ 
code 'P': 
code 'p' : 
{ 
printf("\n Name=PEPSI"); 
printf("Price= 10.00"); 
break; 
} 
case 'T' : 
case 't': 
{ 
printf("\n Name=Thumbs up"); 
printf("\n Price=9.00"); 
break; 
} 
case 'S' : 
case 's' : 
{ 
printf("\n Name= Sprite"); 
printf("\n Price=9.30"); 
break; 
} 
default : 
{ 
printf("\n Invalid value"); 
} 
getch( ); 
} 
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Output: 
Enter cold drink code P, t,s P 
Name=PEPSI 
Price= 10.00 
enter cold drink code p, t, s, T 
Name=Thumbs up 
Price=9.00 
enter cold drink code p, t,s S 
Name= Sprite 
Price=9.30 

Program 32: Three integer numbers are input through the keyboard. Write a program 


to find out the greatest number. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int a,b,c; 
printf("enter the value of a, b and c"); 
scanf("%d%d%d",&a,&b,&c); 
if(a>b && a>c) 
printf("a is greatest"); 
else 
if(b>c && b>a) 
printf("b is greatest"); 
else 
printf("c is greatest"); 
getch( ); 


Output: 
enter the value of a,bandc 6 5 4 
a is greatest 
enter the value of a,bandc 7 10 6 
b is greatest 
enter the value of a,bandc 100 200 201 


c is greatest 


SO 
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Program 33: Age of Anjali, age of Swati and age of Aaditi are enter through the 
keyboard. Write a program to find out the youngest of these ? 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr(_); 
int a_o_a,a_o_s,a_o_ad; 
printf("enter the age of anjali, age of swati and age of aaditi"); 
scanf("%d%d%d",&a_o_a,&a_o_s,&a_o0_ad); 


if(a_o_a<a_o_s &&a_0 a<a_o_ad) 


printf("Anjali is youngest"); 
else 


if(a_o s<a_o_a &&a_o s<a_o_ad) 


printf("Swati is youngest"); 
else 

printf("Aaditi is youngest"); 
getch( ); 


Output: 
enter the age of Anjali, age of Swati and age of Aaditi 
8 9 7 
Aaditi is youngest 
enter the age of anjali, age of swati and age of aaditi 
7 8 10 
Anjali is youngest 
enter the age of anjali, age of swati and age of aaditi 
10 8 9 


Swati is youngest 


16. 


17. 
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Exercise 


Can one if-statement have multiple else statements ? 
Can a switch statement be replaced by multiple if-else statements ? 


Which case is written to take care of the values that do not match the given case 


values in a switch statements ? 


Which statement is used in switch statements to prevent the program control to 


enter into other case choices ? 


Which statement of C language transfers program control to jump unconditionally 


to some other statement of the program ? 


If a = 100 and c = 5 then what will be the value of c, if (a > 50) c = 100, else if 
(a < 100) c = 150; gets executed ? 

If a = 1000 and c = 500 then what will be the value of c, when if (a > 50) c = 100; else 
if (a < 1000) c= 150, else (c = c + a) gets executed ? 

Which statement will you use if one course of action is to be decided among 20 
courses of actions available, depending upon the result obtained after evaluation of a 
condition ? 

What is the function of if-statement ? Explain with example. 


Describe the two different forms of if-else statement. How they are different from 


each other ? Explain giving suitable examples. 
Give an example of nested if-statements. 
What is the format of case command ? Write its general format ? 


Write a program, which accepts sales figures of 10 executives and prints their 
commission @ 13% and it also prints total of commissions. 

Write a program to accept 3 numbers and print the smallest number among them. 
Write a program to print odd numbers starting from | to 100 and printing their sum 
also. 

Write a program to accept religion code, which can either be h, m, s or c. Check the 
code in the program and print Hindu, Muslim, Sikh and Christian respectively for 
the code. 

Write a C program to find the largest number among the three input integer 


numbers. 


nun 


Unit-3 


Sajter 
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4.1 Introduction 


Many times we require that a group of instructions are to be executed until some logical 
conditions are satisfied. It is known as looping. In some situations the number of 
repetitions is known in advance. Situations also arise, however, in which the required 
number of repetitions are not known, the execution of statements is repeated until the 


logical conditions become true. 


A loop in a program essentially consists of two parts : one is called the body of the loop and 
the second is known as the control statement. The control statement performs a logical 
test whose result is either a true or false. If the result of this logical test is true, then the 
statements contained in the body of the loop are executed. Otherwise, loop is terminated. 


The control statement can be placed either before or after the body of the loop. If the 
control statement is placed before the body of the loop, it is called the Entry-Controlled 
Loop. If the control statement is written after the body of the loop, it is called the 
Exit-Controlled Loop. C supports both types of loop statement. 


Generally, a loop has three parts that have different purposes: 


1. The first one is initialization expression which is declared before entering into the 
loop. The initialization is executed only once in the beginning of the loop. 


vv 
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2. Secondly, test expression is an expression whose truth value decides whether the loop 
body will be executed or not. If it is true then and then only loop will be executed 
otherwise the loop is terminated. 

3. Third is the updates expression which changes the value of the control variable and the 
last part is the body-of-loop which contains the statements that are executed 
repeatedly. 


C provide three types of loop control structure that are as: 
1. The while loop 

2. The do-while loop 

3. The for loop 


4.2 The While Loop 


While loop in C starts with the reserved word while, followed by a relational expression in 
parenthesis. This is followed by a single statement or a block of statement enclosed in 


braces to define the beginning and the end of the block. 


While loop always has an expression and one or more than commands associated with it. 
Till the time, expression evaluates to true, commands associated with it get executed 


repeatedly. The moment expression becomes false, while loop terminates. 


Following points, need to be taken care for proper execution of while loop: 

1. The expression should be so framed that its value should change in each iteration of 
loop. 

2. If the expression is ill-framed and its value doesn’t change within the loop, loop will 
never terminate. The loops, which do not terminate are called infinite loops. 
As a general rule of programming, infinite loops have to be avoided at any cost. 


3. Initially if the expression is found false, loop will not execute even once. 


The while loop is used when we are not certain that the loop will be executed. After 
checking whether the initial condition is true or false and finding it to be true, only then 


the while loop will enter into the loop operations. 


This is used to execute a set of statements repeatedly as long as the specified condition is 
true. The syntax of the while loop can be expressed as: 

while (exp) 

{ 


statement ; 


Loops 143 


where exp = logical expression that results in either true or false 
while = a keyword 


statement = may be a simple or compound statement. 


When the compiler enter a while block, it first tests if the condition is true. If it is, then all 
the statements in the while block are executed. At the end of the block, the compiler comes 
back to the beginning of the while block and re-executes the statements in the while-block, 
if the while condition is still true. The compiler exists the while block, if the while 
condition is not true. The while loop is explained with the help of flow diagram. 


Statement of 
the loop 


Exit from loop 


Fig. 1: Flow diagram for while loop 


Example 1: Write a program to display the result when an integer number is input 


through the keyboard. Find out the table of its integer number (using with while loop). 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n,i,m; 
printf("enter integer number"); 
scanf("%d",&n); 
i=: 
while(i< =10) 
{ 
m=n*i; 
printf("\n%d*%d=%d",n,i,m); 
i++; 
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Output: 
enter integer number 10 
10*1=10 
10* 2 =20 
10* 3 =30 
10* 4 =40 
10*5 =50 
10 * 6 =60 
10* 7=70 
10 * 8=80 
10*9=90 
10 * 10 =100 
enter integer number 18 
18*1=18 
18* 2 =36 
18*3 =54 
18*4=72 
18*5 =90 
18* 6=108 
18* 7=126 
18* 8=144 
18*9 =162 
18* 10 =180 


Example 2: Write a program to evaluate the factorial value of a integer number (using 
with while loop). 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr( ); 
int n,i; 
long int fact=1; 
printf("enter integer number"); 


SO 
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Output: 


scanf("%d",&n); 
i=l; 
if(n>1) 
while(i< =n) 
{ 
fact=fact*i; 
i++; 
} 
printf("\n factorial value=%ld", fact); 
getch( ); 


enter integer number 5 


Factorial value= 120 


enter integer number 12 
Factorial value=479001600 


enter integer number 6 


Factorial value=720 


Example 3: Write a program to find the area of a circle. 


Solution: #include<stdio.h> 


#include<conio.h> 


void main( ) 


{ 


clrscr(_); 
float radius, pie=3.14,area; 
printf("enter the radius of a circle"); 
scanf("%f", &radius); 
while(radius! =0.0) 
{ 
if(radius<0.0) 
printf("\n Area is not possible"); 
else 
{ 


area=pie*radius*radius; 


printf("\n Area of a circle=%f", area); 
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getch( ); 


Output: 
enter the radius of a circle 4 
Area of a circle=50.24 
enter the radius of circle -3 
Area is not possible 
enter the radius of circle 0 
Area of a circle=0.0 


Example 4: Write a program to find out the sum of first n integer numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n,i,sum=0; 
printf("enter the value of n"); 
scanf("%d",&n); 
j=l; 
while(i< =n) 
{ 
sum=sum +i; 
i++; 
} 
printf("\n sum=%d",sum); 


getch( ); 


Output: 
enter the value of n 9 
sum=45 
enter the value of n 100 
sum=5050 


Example 5: Write a program to print even numbers starting from 1 to 20 and their 


squares. 


Solution: #include<stdio.h> 


#include<conio.h> 


OO 
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void main( ) 


{ 
clrscr(_); 
int start=2, limit=20,sq; 
while(start<=limit) 
{ 
printf("\n Number=%d", start); 
sq=start* start; 
printf("\n square=%d",sq); 
start=start+2; 
} 
getch( ); 
} 
Output: 
Number = 2 
Square = 4 
Number = 4 
Square = 16 
Number = 6 
Square = 36 
Number = 8 
Square = 64 
Number = 10 
Square = 100 
Number = 12 
Square = 144 
Number = 14 
Square = 196 
Number = 16 
Square = 256 
Number = 18 
Square = 324 
Number = 20 
Square = 400 
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4.3 The do-while Loop 


This is used to execute a set of statements repeatedly, until the logical test results in false. 
This is called the post test loop. Because, the test for repetition is made at the end of each 


pass. 


The do-while loop is another repetitive loop used in C programs. Whenever one is certain 
about a test condition, then the do-while loop can be used, as it enters into the loop at least 
once and then checks whether the given condition is true or false. As long as the test 


condition is true, the loop operations or the statements will be repeated again and again. 


The structure of the do-while loop in C is given below: 
do 
{ 


statements; 


while (condition); 
where do and while > are keywords 
statement — may be simple or compound statement 


condition > logical expression results in true or false 


4.3.1 The Following Points Should be Remembered While Using the 
do-while Loop 


l]. It is executed at least once. 
2. It is executed till the condition remains true and the control comes out of the loop 
when the condition becomes false. 


3. There must be some loop terminating condition inside the body of the loop to avoid 


infinite looping. 


The compiler executes all the statements in a while loop when the while condition is true. 
When the condition is not true, the compiler exits the loop. In case, the condition is not 
true when the compiler encounters the while loop for the first time, it may not enter the 
loop even once. However, the statements in a do-while loop will necessarily be executed at 
least once. The loop condition may be a relational expression containing variables which 
are defined in the loop itself. But in a while loop, all the variables used for checking the 


truth of the condition, must be initialize before the start of the loop. 
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After the first pass, the statement is repeatedly executed if the condition value is true. 
Otherwise, the control comes out of the do-while and continues with the next executable 


statement. 


Statement of 
the loop 


No 
Exit from do-loop 


Fig.2: Flow diagram for do-while loop 


Example 6: Write a program to evaluate the factorial of a integer number (using 


do-while loop). 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
long int fact=1,; 
int n,i; 
printf("enter the number"); 
scanf("%d",&n); 
i=l; 
if(n>1) 
do 
{ 
fact=fact*i; 
i++; 
} 
while(i<=n); 
printf("\n Factorial value=%ld",fact); 
getch( ); 
} 
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Output: enter the number 5 
Factorial value= 120 
enter the number 9 


Factorial value=362880 


Example 7: Write a program to display the result when an integer number is input 


through the keyboard. Find out the table of the integer number (using do-while loop). 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrscr(_); 
int i.n,m; 
printf("enter the number"); 
scanf("%d",&n); 
i=: 
do 
{ 
m=n*i; 
printf("%d%d=%d",n,i,m); 
i++; 
} 
while(i< =10); 
getch( ); 
} 

Output: enter the number 9 
OF 1=9 
9*2=18 
9*3=27 
9* 4 =36 
9*5 =45 
9*6=54 
9*7=63 
9* 8=72 
9*9 =81 

9*10=90 


eS 
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enter the number 19 


19*1=19 
19*2=38 
19*3 =57 
19*4=76 
19*5=95 
19*6=114 
19* 7=133 
19* 8=152 
19*9=171 
19*10=190 


Example 8: Write a program when a number is input through the keyboard and also 
find the sum of digits of the number. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int num,n,r,sum; 
printf("enter the number for finding the sum of its digit"); 
scanf("%d",&num); 
sum=O; 
n=sum; 
do 
{ 
r=n%10; 
sum=sum +r; 
n=n/10; 
} 
while(n!=0); 
printf("\n sum of digits of %d is",num,sum); 


getch( ); 


Output: 


enter the number for finding the sum of its digit 12345 


— 
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sum of digits of 12345 is 15 

enter the number for finding the sum of its digit 9798 
sum of digits of 9798 is 33 

enter the number for finding the sum of its digit 782 
sum of digits of 782 is 17 


Example 9: Write a program to find out the sum of all odd integer number between | to 50. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int odnum, sum=O; 
odnum= l; 
do 
{ 
sum=sum+odnum; 
odnum+2; 
} 
while(odnum<=50); 
printf("\n sum=%d",sum); 


getch( ); 


Output: 
sum=625 


Example 10: Write a program to accept the colour code for one of the colours of the 
rainbow and display its name and it also asks the programmer whether he/she wants to 


continue. This program is repeatedly executed as long as user’s choice is 1. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int colour_code, choice; 
do 
{ 
e— ~” 
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printf("enter the colour-code"); 
scanf("%d",&choice_code); 
switch(colour-code) 
{ 
case | : 
printf("\n colour > white"); 
break; 
case 2: 
printf("\n colour > Blue"); 
break; 
case 3: 
printf("\n colour > Green"); 
break; 
case 4 : 
printf("\n colour > Indigo"); 
break; 
case 5: 
printf("\n colour > Yellow"); 
break; 
case 6: 
printf("\n colour > Orange"); 
break; 
case 7: 
printf("\n colour > Red"); 
break; 
default : 
printf("Invalid choice"); 
break; 
} 
printf("\n Do you want to continue ?"); 
printf("press O or 1"); 
scanf("%d",S&choice); 
} 
while(choice== 1); 
getch( ); 
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Output: 
enter the colour code 7 
colour > Red 
Do you want to continue ? 
press O or | 
1 
enter the colour code | 
colour > white 
Do you want to continue ? 
press O or | 
1 
enter the colour code 5 
colour > Yellow 
Do you want to continue ? 
press O or | 


0 


44 The for-Loop 


The while and do-while loops are used when the number of iterations is not known. The 


for-loop is used when the number of iterations is known in advance. 


The for-loop is the simplest and most commonly used loop in C. This loop consists of 
three expressions. The first expression is used to initialize the index value, the second is 
used to check whether or not the loop is to be continued again and the third is to change 


the index value for further alteration. 


The for loop in C is more powerful when compared to other loops. In addition to testing 
the truth of a condition, it can initialize a set of variables and give increment to them at the 


end of the loop. The structure of the for-loop in its simplest form can be described as: 
for (exp. 1; condition; exp. 2) 

The for-loop starts with the reserved word for followed by:- 

exp. 1 — an assignment expression which initializes loop index 

Condition > the condition which decides either to re-enter or exit from the loop 

exp. 2 an assignment expression which can change the loop index or some other variable 


Semicolons : exp. 1, condition and exp. 2 must be separated by semicolons. 


eS 
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This is called the body of the loop. The number of iterations required to execute the body 


of the loop is computed by using the formula. 
. . Fv — iv + si 
Number of iteration = ———— 
si 
where Fv = Final value 
iv = initial value 


si = step increment 


The index value of the loop is incremented or decremented in steps depending upon the 
application and, all the three expressions are not necessarily used. If any of these are 
left-out, in such a case a suitable arrangement will be made within the body of the loop. 


The flowchart for a for-loop is given below: 


Initialising 


Statement 


Statement | 


Statement 2 
Statement 3 


Statements outside 


for-loop 


Fig.3: Flowchart of for-loop 


1. Initialization Expression: It is executed only once when the loop first starts. It 
provides the loop variable an initial value. 

2. Test Expression: It involves relational operators. It is executed every time through the 
loop before the body of the loop is executed. If the test expression is true, the body of 
the loop is executed, and if false, the control comes out of the loop. 

3. Increment/Decrement: It is always executed at the end of the loop, after the body of 


the loop. 


— —— ~ 
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Example 11: Write a program to find out the factorial value of given number. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int i,n; 
long int fact; 
printf("enter the number"); 
scanf("%d",&n); 
if(n<0O) 
{ 
printf("Factorial not defined"); 
} 
else 
{ 
fact=1; 
for(i=l; i<=n;i++) 
{ 
fact=fact*i; 
} 
printf("\n Factorial value=%ld",fact); 
} 
getch( ); 
} 


Output: 
enter the number 5 
Factorial value = 120 
enter the number —1 
Factorial not defined 
enter the number 6 
Factorial value = 720 
enter the number 8 
Factorial value = 40320 


Example 12: Write a program to find out the sum of the first 50 integer values. 


Solution: #include<stdio.h> 


#include<conio.h> 
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void main( ) 


{ 
clrscr(_); 
int i, sum=0; 
for(i=1;i<=50;i++) 
{ 

sum=sum +i; 

} 
printf("\n sum=%d",sum); 
getch( ); 

} 

Output: 
sum=1275 


Example 13: Write a program to find out the sum of n natural numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int i,sn,sum=O0; 
printf("enter an integer number"); 
scanf("%d",&n); 
for(i=l ; i<=n; i++) 
{ 
sum=sum +i; 
} 
printf("\n sum of %d natural number = %d", sum); 


getch( ); 


Output: 
enter an integer number 20 
sum of 20 natural number = 210 
enter an integer number 10 
sum of 10 natural number = 55 
enter an integer number 50 


sum of 50 natural number = 1275 


— — ~ 
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4.5 ‘Nested for’ Loop 


In ‘nested for’ loop, one loop is placed inside the other ‘for’ loop. This operation is 


frequently used in C in various programs which helps in solving the complicated problems. 


If there are many data items to be processed against a set of elements repeatedly, then a 
single ‘for’ statement is not adequate. So, we must use a nested ‘for loop’. If one ‘for’ loop is 
completely placed within the other, it is known as a nested ‘for’ loop. The syntax of a nested 


‘for’ statement is as follows: 


for(exp1; condition 1; exp2) 


{ 
for (exp3; condition2; exp4) 
{ 
statement]; 
statement2; 
} 
} 


Here, there are two ‘for’ loops. The first one is called the outer loop and second one is the 
inner loop. The statement | and statement 2 are repeatedly executed, maximum number 
of times as the limit specified in the second for loop, for each index value of the outer ‘for’ 
loop. The meaning of expl, exp2, exp3 and exp4 and condition | and condition 2 are 
straight forward. 


Example 14: Write a program to find the sum of digits. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrscr(_); 
int i,j,sum; 


for(i=l; i<=5; i++) 


{ 
for(j=1; j<=5; j++) 
{ 
sum=i+j; 
printf("\t i=%d \t j=%d \t sum=%d",i, jsum); 
} 
printf("\n"); 


OO 
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} 
getch( ); 
} 
Output: 

i=l j=l sum=2 
i=l j=2 sum=3 
i=l j=3 sum=4 
i=l j=4 sum=5 
i=] j=5 sum=6 
i=2 j=l sum=3 
i=2 j=2 sum=4 
i=2 j=3 sum=5 
i=2 j=4 sum=6 
i=2 j=5 sum=7 
i=3 j=l sum=4 
i=3 j=2 sum=5 
i=3 j=3 sum=6 
i=3 j=4 sum=7 
i=3 j=5 sum=8 
i=4 j=l sum=5 
i=4 j=2 sum=6 
i=4 j=3 sum=7 
i=4 j=4 sum=8 
i=4 j=5 sum=9 
i=5 j=l sum=6 
i=5 j=2 sum=7 
i=5 j=3 sum=8 
i=5 j=4 sum=9 
i=5 j=5 sum=10 


1 
2 3 2 
3 4 5 4 8 
4 5 6 7 6 5 
5 6 7 8 9 8 7 6 = 5 
and so on. 
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Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int i,j,.k=1,n,p; 
printf("enter the number of rows"); 
scanf("%d",&n); 
for(i=l; i<=n; i++) 
{ 
for( j=1; j<=(n - 1); j++) 
printf(" "); 
for( j=1; j<=i; j++) 
printf("%d",k+ +); 
for( j=(i-1); j>=1; j--) 
{ 
p=k- 2; 
k=k- 1; 
printf("%d",p); 
} 
printf("\n"); 
} 
getch( ); 
} 
Output: enter the number of row 5 
i 
2. 3 2 
3 4 543 
4 5 6 76 5 4 
5 7 8 9 8 7 6 5 


46 The-break Statement 


We have already read about break while discussing the switch statement. It is used to exit 


from a loop or a switch control, by passing to the first statement after the loop on a switch. 


With loops, break can be used to force an early exit from the loop, or to implement a loop 
with a test to exit in the middle of the loop body. A break within a loop should always be 
protected within an if statement which provides the test to control the exit condition. 
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The break statement abruptly terminates the loop. As soon as it gets executed, program 
control comes out of the loop and the first statement after the loop gets executed. 


The following figure shown break at work: 
main 
{ 
int i; 


for (i = l;i <= 10; i++) 


{ 

if (i == 5) 

break; 

else 

printf("%d", i); Take control here. 
} 


printf("Hello"); 
} 


But you can also use it for immediate termination of any loop, by passing the normal loop 


test expression. The flowchart of break statement as shown in figure: 


Body of 
loop 


End of loop 


Next statement 
following the loop 


Fig.4: Flowchart of Break Statement 


Example 16: Write a program to search a number between | to 50 (using break). 


Solution: #include<stdio.h> 


162 Programming Principle & Algorithm 


#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int i,n; 
printf("enter the number to search between 1 to 50"); 
scanf("%d",&n); 
printf("\n search is :"); 
for(i=1; i<=50; i++) 
{ 
printf("\n%d",i); 
if(i==n) 
{ 
printf("\n At last! Reached the desired number"); 
break; 
} 
} 
getch( ); 
} 
Output: 
enter the number to search between | to50 10 
search is 
2 
3 
4 
5 
6 
7 
8 
9 
10 


AT last! Reached the desired number 
enter the number to search between 1 to50 20 
l 


2 
3 
4 
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15 
16 
17 
18 
19 
20 
AT last! Reached the desired number. 


Example 17: Write a program to accept the sex code and find out the person is Male or 


Female. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
char sex_code; 
printf("enter the sex code of a person"); 
scanf("%c",&sex_code); 
switch(sex_code) 
{ 
case ‘M’ : 
case ‘m’ : 
printf("\n MALE"); 
break; 
case ‘F : 
case ‘f : 
printf("\n FEMALE"); 
break; 
default : 


> 
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printf("\n Invalid choice"); 
break; 

} 

getch( ); 


Output: 
enter a sex code of a person F 
FEMALE 
enter a sex code of a person M 
MALE 
enter a sex code of a person c 


Invalid choice. 


Example 18: Write a program to find out number is prime or not (using while loop and 


break statement). 


Solution: 
#include<math.h> 
#include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n,test,remainder,prime= l; 
printf("enter the number"); 
scanf("%d",&n); 
test=2; 
while(test<=sqrt(n)) 
{ 
remainder=n% test; 
if(remainder==0) 
{ 
prime=0; 
break; 
} 
else 
test +; 
} 
if(prime) 
printf("\n %d is a prime number",n); 


OO 
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else 
printf("\n %d is not a prime number'",n); 


getch( ); 


Output: 
enter the number 15 
15 is not a prime number 
enter the number 23 


23 is a prime number 


4.7 The continue Statement 


The continue statement is used to repeat the same operations once again even if it checks 


the error. The general syntax of the continue statement is: 


continue; 


This is similar to break statement, but is encountered less frequently. It only works within 


loops where its effect is to force an immediate jump to the loop control statement. 
1. In awhile loop, jump to the test statement. 
2. In a do-while loop, jump to the test statement. 


3. Ina for-loop, jump to test and perform the iteration. 


Like a ‘break’, ‘continue’ should be protected by an if-statement. You will not like to 


use it very often. 


The continue statement is used for the inverse operation of the break statement. The 
following figure shows ‘continue’ statement at work 
main( ) 
{ 
int i; 


for(i=1l; i<=10; i++) 


{ 
if(i==5) Takes control here 
continue; 
else 
printf("\n%d",i); 
} 


printf("\n Hello"); 
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The ‘continue’ statement is used for the next iteration of the loop to take place, skipping 
any code in between. Hence, it is used to terminate the current iteration and continue 
with the next iteration of the loop. For the loop, ‘continue’ causes the updation and then 
the conditional test portions of the loop to execute. For the while and do-while loop, 


program control passes to the conditional tests. 


The flowchart of the continue statement is shown in figure: 


Text 
condition 
within the 
loop 


Continue 


False 
Rest part of 
the loop 


Fig.5: Flowchart of continue statement 


Example 19: Write a program using continue statement. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int i, j; 
for(i=l; i<=3; i++) 
{ 
for (j=1; j<=3; j++) 
{ 
if(i!=j) 
continue; 


printf("\n%d",i,j); 
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Output: 
1 1 
2 2 
3 3 


48 The goto Statement 


The goto statement is used to alter the program execution sequence by transferring the 
control to some part of the program. The general syntax of the goto statement is: 


goto statement label; 


where label is a valid C identifier which is used to label. The destination such that control, 
could be transferred. There are two ways of using the goto statement in a program, namely 


as a conditional goto and as an unconditional goto. 


4.8.1 Unconditional goto 
The unconditional goto statement is used just to transfer the control from one part of the 
program to the other part without checking any condition. 
Example: 
#include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
start : 
printf("welcome"); 
goto start; 
getch( ); 

} 


4.8.2 Conditional goto 
The conditional goto is used to transfer the control of the execution from one part of the 
program to the other in certain conditional cases. 
Example: 
#include<stdio.h> 
#include<conio.h> 


void main( ) 


— —— ~ 
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clrscr(_); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
if(a>b) 
goto out l; 
else 
goto out 2; 
printf("\n largest is %d",a); 
out 2: 
printf("\n largest is %d",b); 
getch( ); 

} 


Note: If you have some experience with languages like FORTRAN or COBOL you might 
have used the ‘goto’ statement extensively and while writing C programs you may be 
tempted to use it and in the process write unstructured programs which will be difficult to 


understand and debug. 
The syntax of the goto statement is given below: 


goto xyz; 


where xyz is a label 


49 The exit( ) Statement 


C provides a way to leave a program early with the exit( ) function. The format of exit( ) is : 


exit(status); 


where status is an int variable or constant. The status is sent to operating system’s 


error-level environment variable. Here, the status can be tested by the batch files. 


You must include the stdio.h header file when using exit( ). This file defines the operation 
of exit( ) to your program. Whenever you use a function in a program you must include its 
corresponding 

#include header file 

Example: 

#include<stdio.h> 

#include<conio.h> 

void main( ) 
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clrscr(_); 

printf("C programming in interesting"); 
exit(0); 

printf("C is easy to learn"); 

printf("It is powerful language"); 

getch( ); 


Solved Programs 


Program 1: Write a program to print your name ‘n’ number of times. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int in; 
printf("enter the value of n"); 
scanf("%d",&n); 
for(i=l; i<=n; i++) 
{ 
printf("\n BHAVYA BANSAL"); 
} 
getch( ); 


Output: 

enter the value of n 5 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
enter the value of n 10 
BHAVYA BANSAL 
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BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 
BHAVYA BANSAL 


Program 2: A triangular number is sum of all number upto that number. In this program 
the summation of all the number upto given number is calculated. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int n,m,sum=0; 
printf("enter the value for triangular number"); 
scanf("%d",&n); 
for(m=0; m<=n; m++) 
{ 
sum=sum+m; 
} 
printf("\n sum=%d\n m=%d",sum,m); 
getch( ); 
} 
Output: 
enter the value for triangular number 8 
sum=36 
m=9 


Program 3: Write a program to calculate factorial of a number. The factorial of the 


number means multiplication of all the numbers upto that number. 
Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 


{ 


clrscr( ); 
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int i,m; 
long int fact=1, 
printf("enter a number"); 
scanf("%d",&m); 
for(i=1; i<=m; i++) 
{ 
fact=fact*i; 
} 
printf("\n Factorial value=%ld",fact); 
getch( ); 


enter a number 5 


Factorial value = 120 


enter a number 6 


Factorial value = 720 


enter a number 10 
Factorial value = 3628800 
enter a number 8 

Factorial value = 40320 


Program 4: Write a program to evaluate the sum of a series 1 + L + = + + to. n’th 
term. 
Solution: #include<stdio.h> 


#include<conio.h> 


void main( ) 


{ 


clrscr(_); 
int n,m,x,y; 
long int fact=1, 
float sum= 1.0; 
printf("enter the number"); 
scanf("%d",&y); 
for(x=2; x<=y; x++) 
{ 
fact=fact*x; 


sum=sum-+ (1.0/(float)fact); 
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printf("\n number of terms=%d\n sum of series=%f",y,sum); 


getch( ); 


Output: 
enter the number 6 
number of terms = 6 
sum of series = 1.718055 
enter the number 2 
number of terms = 2 
sum of series = 1.500000 
Program 5: Write a program to calculates Fabonacii series 
0 LL L 2 3 S&S 8 Ibere n 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int a=0,b=1,i,c,n; 
printf("enter the number"); 
scanf("%d",&n); 
printf("%d",a); 
printf("%d",b); 
printf("%d",b); 
for(i=l; i<=n; i++) 
{ 
c=atb; 
printf("\t%d",c); 
a=b; 
b=c; 
} 
printf("\n n=%d",n); 
getch( ); 


Output: 
enter the number 10 
O 1 1 2 3 5 8 13 21 34 55 89 144 
n=10 
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enter the number 15 
O 1 12 3 5 8 13 21 34 55 89 144 233 377 610 


enter the number 5 


Program 6: Write a program to print 


n=15 

O 1 1 

n=5 
* x 
* x 
* x 
* x 
* x 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrscr(_); 
int i, j; 
for(i=l; i<=5; i++) 
{ 
{ 
} 
printf("\n"); 
} 
getch( ); 
} 

Output: 
ee ee 
koko oko oko ok 
koko oko oko ok 
ee ee 
a ee ee 


2 3 


* 
* 
* 
* 


* 


for(j=1; j<=5; j++) 


x 


x 


x 


x 


x 


* 


* 


* 


* 


* 


printf("\t*"); 
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987 1597 


Program 7: Write a program to print A in a matrix with (r for row and c for column) 


n x m order. 


Solution: 


#include<conio.h> 


#include <stdio.h> 


— — ~ 
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void main( ) 
{ 
clrscr(_); 
int Lj,¥,C; 
printf("enter the value of row and column"); 
scanf("%d%d",&r,&c); 
for(i=l; i<=r; i++) 


{ 
for( j=1; j<=c; j++) 
{ 
for(j=1; j<=c; j++) 
{ 
printf("\t A"); 
} 
printf("\n"); 
} 
getch( ); 
} 


Output: 
enter the value of row and column 3 6 
A A A A A A 
A A A A A A 
A A A A A A 


enter the value of row and column 6 3 


A A A 
A A A 
A A A 
A A A 
A A A 
A A A 


Program 8: Write a program to print a table for a given number. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrscr(_); 
int i,n,mul; 
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printf("enter the number"); 
scanf("%d",&n); 
for(i=1l; i<=10; i++) 
{ 
mul=n*i; 
printf("\n%d*%d=%d",n,i,mul); 
} 
getch( ); 


Output: 
enter the number 2 
2*1=2 
2*2=4 
2*3=6 
2*4=8 
2*5=10 
2*6=12 
2*7=14 
2* 8=16 
2*9=18 
2*10=20 
enter the number 5 
S15 
57 2:=10 
5*3=15 
5*4=20 
o> = 25 
5 *6=30 
5 * 7235 
5*8=40 
5*9=45 
5*10=50 
Program 9: Write a program for 


* 


* x 

x x x 

x x x x 

* x * x * 
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Solution: 


Output: 
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#include <stdio.h> 


#include<conio.h> 


void main( ) 


{ 


clrscr(_); 

int i, j, a; 

printf("enter the value of a"); 
scanf("%d",&a); 

for(i=l; i<=a; i++) 


{ 
for(j=1; j<=1; j++) 
{ 
printf("\t*"); 
} 
printf("\n"); 
} 
getch( ); 


enter the value of a 6 


* 


x 


* 


* 


x 


x 


x * 

x * x 

x * x x 

* * x x x 


enter the value ofa 9 


* * 

* * * 

* * * * 

* * * * * 

* * * * * * 

* * * * * * * 
* * * * * * * 
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Program 10: Write a program to find out the table between two numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
4 
clrscr(_); 
int i,mul, j,a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
for(i=a; i<=b; i++) 
{ 
for(j=1; j<=10; j++) 
{ 
mul=i* j; 
printf("\t %d",mul); 
} 
printf("\n"); 
} 
getch( ); 


enter the value ofaandb 2 7 
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enter the value of aandb 11 15 


ll 12 Is 14 15 
22 24 26 28 30 
33 36 39 42 45 
44 48 52 56 60 
55 60 65 70 75 
66 72 78 84 90 
1T 84 91 98 105 
88 96 104 112 120 
99 108 117 126 135 
110 120 130 140 150 


Program 11: Write a program for 


* * x 
* * * * * 
* * * * * * * 
and so on 
Solution: #include<stdio.h> 


#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int i, j, K, t; 
printf("enter the value of t :-"); 
scanf("%d",&t); 
for(i=l; i<=t; i++) 
{ 
printf("\n"); 
for(j=t; j>=1; j--) 
printf(" "); 
for( j=1; j<=2*i-1; j++) 
printf("*"); 
t=t-l; 


> 
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} 
getch( ); 
} 
Output: 
enter the value of t :- 9 
* 
* * * 
* * * * * 
* * * * * * * 
* * * * * * * * * 
enter the value of t :- 11 
* 
* * * 
* x * * * 
* * * * * * * 
* * * * * * * * * 
* * * * * * * * * * * 


Program 12: Write a program for 


x 


* * * 
* * * * * 
* * * * * * * 
* * * * * * * * * 
* * * * * * * * * 
* * * * * * * 
* * * * * 
* * * 
x 
Solution: #include <stdio.h> 


#include<conio.h> 

void main( ) 

{ 
crscr( ); 
int i,j,k,t=4; 
for(i=l; i<=5; i++) 
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{ 
printf("\n"); 
for( j=t; j>=1; j--) 
printf(" "); 
for( j=1; j<=2*i-1; j++) 
printf("*"); 
t=t-l; 
} 
t=0; 
for(i=5; i>=1; i--) 
{ 
printf("\n"); 
for(j=t; j>=1; j--) 
printf(" "); 
for( j=1; j<=2*i-1; j++) 
printf("*"); 
t=t+1; 
} 
getch( ); 
} 
Output: i 
a 
rn ee 
Ok ok ok ok ok ok 
a ee ee ee ee a E 
re ee ee ee ee ee 
OR ok ok ok ok ok 
a a E 
ek ok 


x 


Program 13: The displacement of particle is given by 


1 
s=ut + — at? 
2 


Write a program to prepare a table of displacement versus time for the given values if 


initial velocity ‘u’ and acceleration ‘a’ with uniform increments of 1 second from 0 to 20 


seconds. 


oa oo 
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Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
float u,a,s; 
int t; 
printf("enter the value of acceleration and initial velocity"); 
scanf("%f%f",&a,&u); 
for(t=0; t<=20; t++) 
{ 
s=((u*t)+(0.5)*(a*t*t)); 
printf("\n displacement=%f\t time=%d",s,t); 
} 
getch( ); 
} 
Output: 
enter the value of acceleration and initial velocity 10 2 
displacement = 0.00 time = 0 
displacement = 7.00 time = | 


displacement = 24.00 time = 2 
displacement = 51.00 time = 
displacement = 88.00 time = 4 
displacement = 135.00 time = 5 
displacement = 192.00 time = 
displacement = 259.00 time = 7 
displacement = 336.00 time = 
displacement = 423.00 time = 9 
displacement = 520.00 time = 10 
displacement = 627.00 time = 11 
displacement = 744.00 time = 12 
displacement = 871.00 time = 13 
displacement = 1008.00 time = 14 
displacement = 1155.00 time = 15 
displacement = 1312.00 time = 16 
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displacement = 1479.00 time = 17 
18 
19 
displacement = 2040.00 time = 20 


| 


displacement = 1656.00 time 


ll 


displacement = 1843.00 time 


Il 


Program 14: Write a program to find the sum of 


Le2e 344+ Spies +n 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int n,issum=0; 
printf("enter the value of last digit"); 
scanf("%d",&n); 
for(i=l; i<=n; i++) 
{ 
sum=sum +i; 
} 
printf("\n sum=%d",sum); 
getch( ); 
} 


Output: 
enter the value of last digit 6 
sum = 2] 


enter the value of last digit 26 


sum = 351 
enter the value of last digit 100 
sum = 5050 


enter the value of last digit 236 
sum = 27966 


Program 15: Write a program to determine, whether a number is prime or not. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


— —— ~ 
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{ 
clrscr(_); 
int num,i; 
printf("enter the number"); 
scanf("%d",&num); 
i=2; 
while(i<num-—1) 
{ 
if(num%i==0) 
{ 
printf("Not a prime number"); 
break; 
} 
i++; 
} 
if(i==num) 
printf("prime number"); 
getch( ); 
} 


Output: 
enter the number 24 
Not a prime number 
enter the number 23 
prime number 
Note: A prime number is one which is divisible only by | or itself. 


Program 16: Write a program to count the number of boys whose weight is less than 50 


kg and height is greater than 170 cm. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int count=0,i,n; 
float weight, height; 


printf("enter the number of boys"); 


OO 
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scanf("%d",&n); 
printf("enter the height and weight of boys"); 
for(i=l; i<=n; i++) 
{ 
scanf("%f%f", cheight, &weight); 
if(weight<50 && height> 170) 
count=count+ l; 
} 


printf("\n number of boys with weight<50 kgs and height> 170cm=%d",count); 
getch( ); 


} 
Output: 
enter the number of boys 5 


enter the height and weight of boys 


173.0 25 
176.3 56 
182.0 53 
153.0 96 
183.0 69 


number of boys with weight <50 kgs and height >170 cm = 1 
enter the height and weight of boys 


183.6 56 
183.0 59 
153.0 69 
173.5 45 
183.0 56 
173.0 23 
153.0 23 
153.0 65 
183.0 56 
173.6 45 


number of boys with weight<50 kgs and height>170 cm=3. 


Program 17: Write a program to evaluate the power series. 


g x2 x n 
ealta ta p= 
2! 3! n! 
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Solution: #include<stdio.h> 
#include<conio.h> 
#define ACCURACY 0.0001 
void main( ) 
{ 
clrscr( ); 
int n, count; 
float x, term, sum; 
printf("enter the value of x"); 
scanf("%f",&x); 
n=term=count=sum= 1; 
while(n<=100) 
{ 


term=term”* x/n; 
sum=sum-+term; 
count=count+ l; 
if(term) <ACCURACY 
n=999; 
else 
n=n+ l; 
} 
printf("term=%d sum=%f \n",count,sum); 


getch( ); 


Output: 
enter the value of x 0 
Term = 2 
sum = 1.000000 
enter the value of x 0.1 
Term = 5 sum = 1.105171 
enter the value of x 0.5 
Term = 7 sum = 1.648720 
enter the value of x 1 
Term = 9 sum = 2.718279 
enter the value of x 2 


Term = 12 sum = 7.389047 
oO a _—— 
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Program 18: Write a program to determine the range of a value. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
int count=0; 
float value, high, low, sum = 0, average, range; 
printf("enter number in a line input a negative number to end"); 
input : 
scanf("%f", &value); 
if(value<O) 
goto output; 
count=count+ l; 
if(count== 1) 
high=low=value; 
else 
if(value>high) 
high=value; 
else 
if(value<low) 
low=value; 
sum=sum-+value; 
goto input; 
average=sum/count; 
range=high-—low; 
printf("\n"); 
printf("Total values=%d",count); 
printf("\n Highest value=%f \n Lower value=%f" high low); 
printf("\n Range=%f \n Average=%f" range, average); 
getch( ); 


Output: 


enter number in a line input a negative number to end 
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35 40.50 25 31.25 68.15 47 26.65 29 53.45 62.50 -l 
Total values = 10 

Highest value = 68.15 

Lower value = 25.00 

Range = 43.150002 

Average = 41.849998 

enter number in a line input a negative number to end 

26 30.23 65 32.11 26.32 15 69 65 63.21 -3 
Total values = 9 

Highest value = 69.00 

Lower value = 15.00 

Range = 54.00 

Average = 43.541 111 


Program 19: Write a program to print the multiplication table from 1 to 10 as shown in 


below figure: 


MULTIPLICATION TABLE 


1 2 3 4 5 6 7 8 9 10 
2 4 6 8 10 12 14 16 18 20 
3 6 9 12 15 18 21 24 27 30 
4 8 12 16 20 24 28 32 36 40 
5 10 15 20 25 30 35 40 45 50 
6 12 18 24 30 36 42 48 54 60 
7 14 21 28 35 42 49 56 63 70 
8 16 24 32 40 48 56 64 72 80 
9 18 27 36 45 54 63 72 81 90 
10 20 30 40 50 60 70 80 90 100 
Solution : #include<stdio.h> 


#include<conio.h> 
#define ROWMAX 10 
#define COLMAX 10 
void main( ) 

{ 
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clrscr(_); 
int row=1, column,y,M,N; 
printf("MULTIPLICATION TABLE"); 
PEE ON aenneren eaea ENE NEER "ye 
do 
{ 
column= |; 
do 
{ 
y=row*column; 
printf("%d",y); 
column=column-+ I; 
} 
while(column<=COLMAX); 
printf("\n"); 
row=row+ l; 
} 
while(row< =ROWMAX); 
Pinti NA ie arene EEE "i; 
getch( ); 


Output: 
MULTIPLICATION TABLE 


— 


2 
3 
4 
3 
6 
7 
8 
9 


ji 
(æ) 


Loops 


Program 20: Write a program for the table of Binomial coefficients. 


Solution: 


#include <stdio.h> 


#include<conio.h> 
#define MAX 10 


void main( ) 


{ 


clrscr(_); 
int m,x,binom; 
printf("m/x"); 
for(m=0; m<=10; ++m) 
printf("%4d",m); 
printi snarare oenededneheaueesanecscs Ys 
m=0; 
do 
{ 
printf("%2d",m); 
x=0; 
binom=1; 


while(x< =m) 


{ 
if(m==0]|x==0) 
printf("%4d" binom); 
else 
{ 
binom=binom*(m—x+ 1)/x; 
printf("%4d" binom); 
} 
x=x+ l; 
} 
printf("\n"); 
m=m4+1; 
} 
while(m<=MAX); 
PANE nrerin s DNs 
getch( ); 
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— 


2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


= 
jo) 
— 
(=æ) 


Program 21: Write a program to display all prime numbers between one to any number ‘n’. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 

{ 
clrscr(_); 
int n, test, remainder, MAX; 
int prime; 
printf("enter the number between | to n where n = any number"); 
scanf("%d",&MAX); 
for(n=2;n<=MAX;n++) 
{ 
prime= 1; 
test=2; 
while(test<sqrt(n)); 
{ 
remainder=n%test; 
if(remainder==0) 
{ 
prime=0; 
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break; 
} 
else 
test ++; 
} 
if(prime) 
printf("%d is a prime number \n",n); 
} 
getch( ); 


Output: 

enter the number between 1 to n where n = any number 65 
2 is a prime number 
3 is a prime number 
5 is a prime number 
7 is a prime number 
11 is a prime number 
13 is a prime number 
17 is a prime number 
19 is a prime number 
23 is a prime number 
29 is a prime number 
31 is a prime number 
37 is a prime number 
41 is a prime number 
43 is a prime number 
47 is a prime number 
53 is a prime number 
59 is a prime number 
61 is a prime number 
enter the number between 1 to n where n = any number 16 
2 is a prime number 
3 is a prime number 
5 is a prime number 
7 is a prime number 
11 is a prime number 
13 is a prime number 


OO 


192 Programming Principle & Algorithm 


Program 22: Write a program to find sum and average of ten different numbers using 


while loop. 

Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrscr(_); 
int n,i,ssum=0,avg; 
printf("enter any ten numbers"); 
i=0; 
while(i< =9) 
{ 
scanf("%d",&n); 
sum=sum+n; 
++i; 
} 
printf("sum of all entered number=%d",sum); 
avg=sum/10; 
printf("\n Average number=%d",avg); 
getch( ); 
} 

Output: 
enter any ten numbers 
2 
9 
4 
7 
6 
5 
8 
3 
10 
1 


sum of all entered numbers=55 
Average numbers=5 

enter any ten numbers 

9 

10 
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15 
20 


13 
sum of all entered numbers=108 
Average numbers= 10 


Program 23: To find sum and average of ten different numbers using with do-while loop. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int n, i, sum=0, avg; 
printf("entered any ten numbers"); 
i=0; 
do 
{ 
scanf("%d",&n); 
sum=sum-+n; 
+41; 
} 
while(i< =9) 
printf("\n the sum of the entered number is=%d",sum); 
avg=sum/10; 
printf("\n average of the entered number is=%d",avg); 


getch( ); 
Output: 
enter any ten numbers 


2 


9 
4 
7 
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wW oo nan 


sum of the entered number=55 
average of the entered number=5 
enter any ten numbers 

9 

10 

15 

20 


13 
sum of the entered number= 108 


average of the entered number=10 


Program 24: Write a program to find the sum of digits of a number. 


Solution: 


#include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
long unsigned int n,i,m,sum; 
printf("enter a number"); 
scanf("%ld",&n); 
sum=O; 
do 
{ 
m=n%10; 
sum=sum+m; 
n=n/10; 
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while(n!=0); 
printf("The sum of the digits=%ld",sum); 
getch( ); 


Output: 
enter a number 4867 
The sum of the digits = 25 
enter a number 2642 


The sum of the digits = 14 


| 


enter a number 8192 


The sum of the digits = 20 


enter a number 100110 
The sum of the digits = 3 
Program 25: Write a program to find the sum of digits of a number reducing it to one 
digit. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
long unsigned int n, m, sum, i; 
printf("enter a number"); 
scanf("%ld",&n); 
XYZ h 
sum=0; 
do 
{ 
m=n%10; 
sum=sum+m; 
n=n/10; 
} 
while(n!=0); 
if(sum<=9) 
{ 
n=sum; 
goto xyz; 
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} 

else 

printf("The result is=%ld",sum); 
getch( ); 


enter a number 2678 


The result is=5 


enter a number 986796 


The result is=9 


Program 26: Write a program to generate the following series : 


Solution: 


1 

1 2 

1 2 8 

1 2 3 4 

1 2 3 4 5 
and so on 


#include <stdio.h> 


#include<conio.h> 


void main( ) 


{ 


clrscr(_); 

int i, j, n; 

printf("enter the last value"); 
scanf("%d",&n); 


for(i=l; i<=n; i++) 


{ 
for(j=1; j<=1; j++) 
{ 
printf("%d", j); 
} 
printf("\n"); 
} 
getch( ); 


Loops 197 


Output: 
enter the last value 5 
1 
1 2 
1 2 
1 2 3 4 
1 2 3 4 5 


enter the last value 10 


wWwWwnwwwow w 
A A A A A e 
A a naan 
O Da oa WD 


8 9 

8 9 10 

Program 27: Write a program to generate the following pattern : 
1 2 3 4 5 


— = = = =- =- -=-~ 
N N N NNNNN 


7 
7 
7 
7 


N 
w 


4 5 6 


1 2 3 4 

1 2 8 

1 2 

1 

and so on 
Solution: #include<stdio.h> 


#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int i, j, n; 
printf("enter the number"); 
scanf("%d",&n); 
for(i=n; i>=1; i--) 
{ 
for( j=1; j=i; j++) 
{ 
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printf("%d", j); 


} 
printf("\n"); 
} 
getch( ); 


Output: 
enter the number 5 
1 2 3 4 5 
3 4 


N N N 


l 
l 
l 
l 


enter the number 10 
2 4 


= = = =e = = =- -~ -~ 
N N N bY NY WKY WK LH 

wWwWwnwwwwwo wo 
A eA A A A KB 

Ana nananan 

NNN ND WD 

N N N N 


enter the value 4 


1 2 3 4 
1 2 3 
1 2 

l 


Program 28: Write a program that finds the smallest of several integers. Assume that 
the first value read specifies the number of remaining values. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 


clrscr( ); 
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int n, i, num, a, small; 

printf("enter the first integer"); 
scanf("%d",&num); 

printf("enter the remaining %d integers", num); 
small=num; 


for(i=1; i<=num; i++) 


{ 

scanf("%d",&n); 

if(n<small) 

{ 

small=n; 

} 
} 
printf("\n the smallest number of the entered number is=%d", small); 
getch( ); 


Output: 
enter the first integer 5 
enter the remaining 5 integers 
6 
9 
2 
1 
10 
The smallest number of the entered number is=1 
enter the first integer 10 
enter the remaining 10 integers 
4 
10 
5 


20 


25 


The smallest number of the entered number=-—3 


See, So A 


15. 


16. 
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Exercise 


Outer for-loop is designed to get executed 5 times and the inner nested for-loop is 
designed to execute 4 times. If printf statement is written just above inner for-loop, 


how many times will it execute ? 


Outer for-loop is designed to get executed 5 times and the inner nested for-loop is 
designed to execute 3 times. If a scanf statement is written within inner for-loop, how 


many times will it execute ? 

How many times for (i = 2; i <= 10; i + +) loop will iterate ? 

Which command breaks the loop and brings the program control to the statement, 
written just after the loop ? 

What is the minimum number a times of while loop will get executed ? 

What is the minimum number of times a do-while loop will get executed ? 

What is the minimum number of times for-loop will get executed ? 

Where in do-while loop, condition is placed ? 

What is a loop in C ? 


List the different types of loop control statements and explain them with suitable 


example. 

Explain the break and continue statement. 

What is the function of for-loop ? Explain with example. 
Give an example of nested for loop. 


Write a program, which accepts sales figure of 10 executives and prints their 


commission @ 13%. It also prints total of the commission ? 
Write a program to find the value of y = 2x? + 3x + where x varies from — 3 to +3 in 
steps of 0.1 


Write a program to accept a message and count the number of vowels and 


consonants in it. 
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Introduction to Problem Solving 


5.1 Algorithm 


A algorithm is a procedure or formula for solving a problem. It can defined as a 

step-by-step procedure to solve a particular problem or program. The word derive from the 

name of mathematician, Mohammed Ibn-Musaal-Khwarizmi, who was a part of the royal 

court in Baghdad, Al-Khwarizm's work is the likely source for the word algebra as well. 

There are five important characteristics of algorithm: 

1. Input: It may accept zero or more input. 

2. Output: It should produce at least one output. 

3. Definiteness: Each instruction must be clear, well defined and precise. There should 
not be any ambiguity. 

4. Finiteness: It should be a sequence of finite instructions that is, it should end after a 
fixed time. 

5. Effectiveness: This means that operations must be simple and carried out in a finite 


time of one or more levels of complexity. 


The development of an algorithm is basic to computer programming. Developing a 
computer program is a detailed process, which requires serious thought, careful planning 
and accuracy. It is a challenging and exacting task drawing on the creativity of the 
program. In order to write computer programs without any logical error, it is 
recommended programmers to prepare a rough writing showing the steps involved in the 


program, which is called an algorithm. 
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An algorithm is a step-by-step instructions require to solve any problem. An algorithm 
consists of a set of explicit and unambiguous finite steps which, when carried out for a 
given set of initial conditions, produce the corresponding output and terminate in a fixed 
amount of time. By unambiguous it is meant that each steps should be defined precisely 


i.e., it should have only one meaning. 


5.1.1 Notations for Algorithm 

1. Name of the Algorithm: It specifies the problems to be solved. 

2. Step Numbers: Identification tag of an instruction and it is an unsigned positive 
integer. 

3. Explanatory Comment: It follows the step number and describes the operation. It 
should be written a part of square bracket. 

4. Termination: It specifies the end of the algorithm. It is generally a STOP statement 
and the last instruction in the algorithm. 


The notation used for algorithm specification must be confirm to a basic set of criteria 


(i) It must be Concise: We must be able to describe the solution to a problem 
without writing multiple pages of text. 

(ii) It must be Unambiguous: The description of the procedure must not be open 
to alternative interpretations. We must remember that the algorithm will be 
executed by a machine, which has no “common sense” or in-built knowledge of 
the nature of the problem. 

(iii) It must be Capable of Machine Execution: The action described must be 
capable of translation into precise, machine-executable operations. The 
precludes such statements as “choose the best candidate”. If this were the object 
of the operation, the steps involved in evaluting the exact criteria for what 
constituted “best” must be clearly set out. 

(iv) It must be Promote Elegance in the Solution: The tool must prevent the 
programmer from using practices at desing stage, which lead to poor 
programming style during implementation. 


The selection of an appropriate design tool has a great influence on the quality of the 
ultimate program. A good design tool will lead to programs, which are elegant in their 
design, accurate in their operation and easy to understand and enhance over a long period 


of time. Conversely a poor design tool will promote none of these criteria. 


Whatever technique is used as an aid to designing the structure and logic of an algorithm, 
it must be useful as a design tool and not merely as a documentation tool. Many 
programming students will confess that they have drawn diagrams or charts as their 
lecturer's insistence, but only after having written the program. This is senseless. If the tool 
does not help in the design process before code is written, there is no point in producing it 


afterwards. Let us take one example to illustrate all the features of an algorithm. 
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Example 1: Suppose, we have to develop an algorithm to convert an integer numerical 
score (0 to 100) scored by a student in a particular test into letter grades (A,B,C,D,E,F,O) 
using the following procedure. 


Letter Grade Numerical Score 


Po T oo 
~> | ow 


1G; 59 to 50 
E Below 35 


Solution: 
Algorithm is defined as follows: 
Step 1: Intput the score of a student 
Step 2: If the score is less than 35 
then print “F”. 


End 

Step 3: If the score is greater than or equal to 36 and less than 50, then print “D” 
End 

Step 4: If the score is grater than or equal to 50 and less than 60, then print “C” 
End 

Step 5: If the score is greater than or equal to 60 and less than 70, then print “B” 
End 

Step 6: If the score is greater than or equal to 70 and less than 80, then print “A” 
End 

Step 7: If the score is greater than or equal to 80 and less than 90, then print “E” 
End 

Step 8: If the score is greater than 89 then print “O” 
End 


Step 9: End of the program. 


The algorithm terminates after 9 steps. This explains the features of finiteness. Action of 
the each step is precisely defined. In our example, each step requires simple comparison 
and printing operation. This explains the feature of definiteness and effectiveness. Input 
of our algorithm is marks scored by a student and output is the grade awarded according to 


the range. 


Example 2: Recipe for potato bondas. 


Ingredients: Potatoes 500 gms, Chopped onions 5(small), Finely chopped chillies 5 gm, 
flour 100 gms, oil for frying, water for butter, salt 2 tea spoons. 
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Solution: 

Method: 

Step 1: Boil Potatoes till cooked, peel and mash them until they are soft. 

Step 2: Mix fried onions, green chillies and salt with the mashed potatoes. 

Step 3: To be little portions of the mixture and make small balls. 

Step 4: Mix gram flour, water and a little salt and beat well till a smooth and creamy 
butter is obtained. 

Step 5: Dip the potato balls in the butter. Take out and deep fry in oil on a low fire. 


Step 6: Take out when the balls are fried to a golden brown colour. 


Result: 

A dozen potato bondas ready to be served hot with tomato source. 

The recipe given above has the following properties: 

1. It begins with a list of ingredients which we may call the inputs. 

2. A sequence of instructions is given to process the inputs. 

3. As a result of carrying out the instructions, some outputs are obtained. 


The instructions given to process the inputs are, however, not precise. They are ambiguous. 
For example, in step 4, we are introduced to “heat well till a smooth and creamy batter is 
obtained ?” The interpretation of “Smooth and Creamy” can vary from person to person. 
Due to such imprecise instructions, different persons following the same recipe with the 


same inputs can produce potato bondas which differ in size, shape and taste ! 


We will now examine another step-by-step procedure [again taken from a popular 
magazine] 

Example 3: A procedure to knit a sweater. 

Materials required 

Needles No. — 12-2, wool 4 ply — 9 balls. 

Solution: 

Method: 

Step I: Cast on 133 stitches 

Step 2: Repeat step 3 and 4, 11 times 

Step 3: Knit? * Purl 1, Knit 1, Repeat from * to last stitch, knit 1 

Step 4: Knit 1 * Purl 1 - Knit 1. Repeat from * to End. 

(Similar Steps) 

Result: 
A sweater 

The above example illustrates the following points: 

1. The procedure has inputs, a set of steps as process the inputs to produce an output. 
2. The procedure is more precise and unambiguous than the recipe for potato bondas. 

There is very little chance for misinterpretation. 
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3. Different types of instructions used in the procedure are very few. If one knows how to knit, 


how to purl, cast switches on or off needles, and count, then one can knit any sweater. 


4. By a proper permutation and combination of this elementary set of instruction a 
virtually infinite number of patterns for sweaters may be created. For example, if step-3 
to make “knit 1*knitl. Purl 2 Repeat from to last stitch the pattern of the sweater will 


be entirely different. 


The preciseness of the instructions combined with their small variety makes it possible to 
design a machine which can knit automatically. In fact, a forerunner of the modern 
computer was a loom designed by a French engineer, called lacquard, is 1801, which could 
be “programmed” to create a large number of patterns. The program consisted of cards 


with specific patterns of holes in them which controlled the loom. 


We have illustrated two simple step-by-step methods of solving problems, we will now 


explain when a step-by-step method can be called an algorithm. 


Example 4: Procedure to find the average number of vowels in a “passage” 

Solution: 

Step 1: Let number of character = 0 

Step 2: Let number of vowels = 0 

Step 3: Repeat step 4,5,6 and 7 until end of passage is reached. 

Step 4: Read one character from the passage. 

Step 5: Add 1 to Number of characters. 

Step 6: Ifthe character is any one of the letters A, E, I, O, U, a,e, i, 0, u add 1 to Number 


of vowels. 
Step 7: Move to next character 
Remark: Step 8 is reached when no more characters are left in the passage. 


Otherwise we go back to step 4. 


Step 8: Average number of vowels = Biumbenof vowels 


Number of characters 
Step 9: Write average number of vowels x Number of characters. 


Step 10: Stop. 


This step-by-step procedure qualifies as an algorithm as: 

1. It has an input, namely, the passage to be examined. 

2. The processing steps are precisely specified. 

3. Each instruction in basic and can be carried out by a person with paper and pencil. 
4 


. The procedure terminates when the end of passage is reached. The total number of 


steps carried out is finite. 


> 
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5.1.2 Different types of Algorithms 
Dynamic Programming Algorithm 
Greedy Algorithm 

Brute Force Algorithm 

Randomized Algorithm 

Branch and Bound Algorithm 


Simple Recursive Algorithm 


Pi oga Se er o a 


Divide and Conquer Algorithm 


5.2 Flowcharts 


5.2.1 What is a Flowchart ? 


A flowchart is a pictorial representation of an algorithm. Programmers often use it as a 
program planning tool for visually organizing a sequence of steps necessary to solve a 
problem using a computer. It uses boxes of different shapes to denote different types of 
instructions. The actual instructions are written within these boxes using clear and concise 
statements. Solid lines having arrow marks connect there boxes to indicate the flow of 
operation, that is the exact sequence is which to execute the instructions. The process of 


drawing a flowchart for an algorithm is known as flowcharting. 


5.2.2 Why use Flowcharts ? 


Normally, an algorithm is first represented as a flowchart, and the flowchart is then expressed in 
a programming language to prepare a computer program. The main advantage of this two step 
approach in program writing is that, while drawing a flowchart, a programmer need not pay 
attention to the details of the elements of the programming language. Hence, he/she can fully 
concentrate on the logic of the solution to the problem it hand. Moreover, since a flowchart 
shows the flow of operations in pictorial form, a programmer can more easily detect any error in 
the logic then in the case of a program. Once the flowchart is ready, the programmer can 
concentrate only one coding the operations in each box of the flowchart in terms of the 


statements of the programming language. This will normally ensure an error free program. 


Experience programmers, sometimes, write programs without drawing a flowchart to 
reduce the number of errors and omissions in the program. Moreover, it is a good practice 
to have a flowchart along with a computer program become a flowchart often serves as a 
document for the computer program. It is very useful during the testing of the program, 


and while incorporating further modification in the program. 
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5.3. Flowchart Symbols 
5.3.1 Need for Flowchart Symbols 


A flowchart uses boxes of different shapes to denote different types of instructions. The 
use of symbols having standardized meanings makes it easier to communicate program 
logic through flowcharts. This is because as long as everyone uses the same basic shapes, 
other can readily interpret the logic. For example, a diamond always means a decision. 
Hence, when a programmer book at a flowchart he/she can easily identify the decision 


points became they are indicated by diamond shaped boxes. 


5.3.2 Basic Flowchart Symbols 

Only a few symbols are needed to indicate the necessary operations in a flowchart. The 

American National Standard Institute (ANSI) has standardized these basic flowchart 

symbols. 

1. Terminal: The terminal symbol indicates the beginning (Start) end (Stop) pauses 
(Holt) is a program's logic flow. It is the first and last symbol is a flowchart. In addition, 
If the program logic has a pause, that is also indicated with a terminal symbol. A pause is 
normally used in a program logic under some error conditions, or if forms had to be 


changed in the computer's printer during the processing of the program. 


Fig. 1; Terminal 


2. Input/Output: The input/output symbols denotes any function of an input/output 
nature of a program. Hence, all program instructions to input/output data data from 
any type of input/output device (Such as keyboard, mouse, scanner, monitor, printer, 


platter etc.) are indicated with input/output symbols in a flowchart. 


Fig.2: Input/Output 


Even instructions to input/output data from/to a storage device (such as disk, tape etc.) 


are indicated with input/output symbols. 
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3. Processing: A processing symbol represents arithmetic and data movement instructions. 
Hence, all arithmetic processes of adding, subtracting, multiplying and dividing are 
indicated by a processing symbol in a flowchart. The logic processes of moving data from 


one location of the main memory to another (assignment statement) 


Fig.3: Processing 


are also denoted by this symbol.When more than one arithmetic and data movement 
instructions are executed consecutively, they are normally place in the same processing 
box, and they are normally place in the same processing box, and they are assumed to 
be executed in the order of their appearance. 

4. Decision: The decision symbol indicates a decision point, that is a point at which a 


branch l one of two or more alternative points is possible. 


Fig.4: Decision 


5. Flowlines: Flowlines with arrowheads indicates the flow of operations, that is, the 
exact sequence in which the instructions are executed. The normal flow of a flow chart 


is from top to bottom. 


Fig.5: Flow lines 
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5.4 Problem Solving 


5.4.1 Introduction to Problem Solving 


Everyone must have felt at least once in his or her life how wonderful it would be if we 
could solve a problem at hand preferably without much difficulty or even with some 
difficulties. Unfortunately the problem solving is an art at this point and there are no 
universal approaches one can take to solving problems. Basically one must explore 
possible avenues to a solution one by one until one comes across a right path to a solution. 
Thus generally speaking, there is guessing and hence an element of luck involved in 
problem solving. However, in general, as one gains experience in solving problems, one 
develops one's own techniques and strategies, though they are often intangible. Thus the 


guessing is not an arbitrary guessing but an educated one. 


In this chapter we are going to learn a framework for problem solving and get a glimpse of 
strategies that are often used by experts. They are based on the work of Polya. For further 


study, his book, and others such as Larson are recommended (but not required). 


5.4.1.1 A Framework for Problem Solving 

The following four phases can be identified in the process of solving problems: 

1. Understanding the problem 

2. Making a plan of solution 

3. Carrying out the plan 

4. Looking back i.e. verifying 

Each of the first two phases is going to be explained below a little more in detail. Phases (3) 
and (4) should be self-explanatory. 


1. Understanding the Problem: Needless to say that if you do not understand the 
problem you can never solve it. It is also often true that if you really understand the 


problem, you can see a solution. 
Below are some of the things that can help us understand a problem. 
(i) Extract the principal parts of the problem. 

The principal parts are: 


For “find” type problems, such as “find the principal and return for a given 
investment”, UNKNOWNS, DATA and CONDITIONS, and for “proof” type 
problems HYPOTHESIS and CONCLUSION. 


For examples that illustrate these, see Example 1, and Example 3, respectively. 
Be careful about hidden assumptions, data and conditions. 
(ii) Consult definitions for unfamiliar (often even familiar) terminologies. 


(iii) | Construct one or two simple example to illustrate what the problem says. 
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2. Devising a Solution Plan 

(i) Where to start ? 
Start with the consideration of the principal parts: unknowns, data, and 
conditions for “find” problems, and hypothesis, and conclusion for “prove” 
problems. 
To see examples that illustrate these click here. 

Gi) What can I do ? 
Once you identify the principal parts and understand them, the next thing you 
can do is to consider the problem from various angles and seek contacts with 
previously acquired knowledge. The first thing you should do is to try to find 
facts that are related to the problem at hand. Relevant facts usually involve 
words that are the same as or similar to those in the given problem. It is also a 
good idea to try to recall previously solved similar problems. See “Some helpful 
tips” below for more. 
To see examples that illustrate these click here. 


(iti) | What should I look for ? 


Look for a helpful idea that shows you the way to the end. Even an incomplete 
idea should be considered. Go along with it to a new situation, and repeat this 


process. 

(iv) Some helpful tips 
There is no single method that works for all problems. However, there is a 
wealth of heuristics we can try. Following are some of the often used heuristics. 
Add your own heuristics as you gain experience. 

(v) Have I seen it before ? 
That is, do I know similar or related problems ? Similar/related problems are 
ones with the same or a similar unknown or unknown may be different but the 
settings are the same or similar. See Example 2 for example. 

(vi) Do alittle analysis on relationships among data, conditions and unknowns, or 


between hypothesis and conclusion. 
(vii) What facts do I know related to the problem on hand ? 


These are facts on the subjects appearing in the problem. They often involve 
the same or similar words. An example can be found below. 
It is very important that we know inference rules. 

(viii) Definitions: Make sure that you know the meaning of technical terms. This is 
obviously crucial to problem solving at any level. But especially at this level, if 
you know their meaning and understand the concepts, you can see a solution to 
most of the problems without much difficulty. See for example Example 1, and 
Example 2 below. 
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(xi) | Compose a wish list of intermediate goals and try to reach them. 


(x) Have you used all the conditions/hypotheses ? : When you are looking for 
paths to a solution or trying to verify your solution, it is often a good idea to 
check whether or not you have used all the data/hypotheses. If you haven't, 
something is often amiss. See Example 4 for example. 


(xi) Divide into Cases: Sometimes if you divide your problem into a number of 
separate cases based on a property of objects appearing in the problem, it 
simplifies the problem and clear your mind. For example if the problem 
concerns integers, then you may want to divide it into two cases: one for even 
numbers and the other for odd numbers as, for example, you can see in Example 
3 below. 


(xii) Proof by Contradiction: If you make an assumption, and that assumption 
produces a statement that does not make sense, then you must conclude that your 
assumption is wrong. For example, suppose that your car does not start. A number 
of things could be wrong. Let us assume for simplicity's sake that either the battery 
is dead or the starter is defective. So you first assume that the battery is dead and 
try to jump start it. If it doesn't start, you have a situation that does not make sense 
under your assumption of dead battery. That is, a good battery should start the car 
but it doesn't. So you conclude that your assumption is wrong. That is the battery 
is not the cause. Proof by contradiction follows that logic. 

In this method we first assume that the assertion to be proven is not true and 
try to draw a contradiction i.e. something that is always false. If we produce a 
contradiction, then our assumption is wrong and therefore the assertion we are 
trying to prove is true. Example 3 below uses this method. 

When you are stuck trying to justify some assertion, proof by contradiction is 
always a good thing to try. 

(xiii) Transform/Restate the problem, then try (1)-(3) above. 

(xiv) Working Backward: In this approach, we start from what is required, such as 
conclusion or final (desired) form of an equation etc., and assume what is sought 
has been found. Then we ask from what antecedent the desired result could be 
derived. If the antecedent is found, then we ask from what antecedent that 
antecedent could be obtained. ...We repeat this process until either the 
data/hypotheses are reached or some easy to solve problem is reached. Example 4 
and Example 5 below give simple examples of this approach. 

(xv) Simplify the problem if possible. Take advantage of symmetries which often 

exist. 
Keep in mind that your first try may not work. But don't get discouraged. If one 
approach doesn't work, try another. You have to keep trying different 
approaches, different ideas. As you gain experience, your problem solving skills 
improve and you tend to find the right approach sooner. 


Let us now look at some examples to illustrate the topics discussed above. 
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Example 5: This is an example in which you can find a solution once you analyze and 
understand the unknowns and data. 

Problem: A survey of TV viewers shows the following results: 

To the question “Do you watch comedies ?”, 352 answered “Yes”., 

To the question “Do you watch sports ?”, 277 answered “Yes”, and 


To the question “Do you watch both comedies and sports ?”, 129 answered “Yes”. 


Given these data, find, among people who watch at least one of comedies and sports, 
percentages of people who watch at least one of comedies and sports watch only comedies, 


only sports, and both comedies and sports. 


Let us try to solve this problem following the framework presented above. 
Solution: 


Understanding the Problem: This is a “find” type problem. So we try to identify 


unknowns, data and conditions. 


The unknowns are the percentage of people who watch only comedies, the percentage of 
people who watch only sports, and the percentage of people who watch both comedies and 


sports. 


The data are the three numbers: 352, 277 and 129, representing the number of people 
who watch comedies, sports, and both comedies and sports, respectively. Note that 352 
includes people who watch both comedies and sports as well as people who watch only 


comedies. Similarly for 277. 


The conditions are not explicitly given in the problem statement. But one can see that the 


percentages must add up to 100, and they must be nonnegative. 


Devising a Solution Plan: Here we first examine the principal parts in detail. 


First let us consider the unknowns in more detail. To calculate the percentage of the 
people who watch only comedies, for example, we need the number of people who watch 
at least one of comedies and sports, and the number of people who watch only comedies. 
Thus actually two unknowns are involved in each of the required percentages, and the real 
unknowns are the number of people in each of the categories, and the number of people 


who watch at least one of comedies and sports. 


Next let us look at the data. first the number 352 is the number of people who watch 
comedies. But that is not necessarily that of the people who watch only comedies. It 
includes that and the number of people who watch both comedies and sports. Similarly for 


the second number 277. 


Let us use symbols to represent each of the unknowns: Let C represent the number of 
people who watch only comedies, S that of the people who watch only sports, and T that 
of the people who watch at least one of those programs. 
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Then we have the following relationships among the unknowns: 
C+129=352 


S+129=277 

C+S+129=T 

From these equations we can easily obtain C =223, S =148,and T =500. 

Thus the required percentages are 44.6%, 29.6%, and 25.8%, respectively. 

All we had to do to solve this problem is to analyze relationships between the data and the 
unknowns, that is, nothing much beyond “understanding the problem”. 


Example 6: This is a problem which you can solve using similar known results. 


Problem: Find the (length of) diagonal of a rectangular parallelepiped given its length, 
width and height. 


Again let us try to solve this problem following the framework presented above. 
Solution: 
Understanding the Problem: This is a “find” type problem. So we try to identify 


unknowns, data and conditions. 


The unknown is the diagonal of a rectangular parallelepiped, and the data are its length, 
width and height. Again there are no explicitly stated conditions. But the unknown and 
data must all be a positive number. 


Before proceeding to the next phase, let us make sure that we understand the terminologies. 


First a rectangular parallelepiped is a box with rectangular faces like a cube except that the 
faces are not necessarily a square but a rectangle as shown below. 


Fig.6: Rectangular parallclpiped 


Next a diagonal of a rectangular parallelepiped is the line that connects its two vertices 
(corner points) that are not on the same plane.it is shown in the figure below. 


diagonal length 


height 
€ width 
a 
Fig.7: Rectangular parallelpiped 
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Devising a Solution Plan: Here we first try to find relevant facts. Relevant facts often 
involve the same or similar words or concepts. Since the unknown is a diagonal, we look 
for facts concerning diagonal. Note that drawing figures here is quite helpful. 


One of the facts that immediately comes to our mind in this problem is Pythagoras! 
theorem. It has to do with right triangles and is shown below. 


Fig.8 


Let us try to see whether or not this theorem helps. To use this theorem, we need a right 
triangle involving a diagonal of a parallelepiped. As we can see below, there is a right 
triangle with a diagonal x as its hypotenuse. 


However, the triangle here involves two unknowns: x and y. Since x is what we are looking 


for, we need to find the value of y. To find y, we note another right triangle shown below. 


Fig.10 


Applying Pythagoras' theorem again, we can obtain the value of y. 
Thus y’ =a’ + b? is obtained from the second triangle, and act + y’ is derived from 


the first triangle. From these two equations, we can find that x is equal to the positive 


square root of a+ b+ c?. 


Example 7: This is a proof type problem and “proof by contradiction” is used. 
Problem: Given that a, b, and c are odd integers, prove that equation ax? + bx+ c= 0 can 
not have a rational root. 

Solution: 


Understanding the Problem: This is a “prove” type problem. 
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The hypothesis is that a, b and c are odd integers, and the conclusion is that equation 


ax’ + bx + c =0 can not have a rational root. 


The hypothesis is straight forward. In the conclusion, “rational root” means a root, that is, 
the value of x that satisfies the equation, and that can be expressed as m/n, where m and n 


are integers. So the conclusion means that there is no number of the form m/n that 


satisfies the equation under the hypothesis. 


Devising a Solution Plan: For this problem, let us try “proof by contradiction”. When 
you are asked to prove the impossibility of an event or non-existence of certain things, this 
approach often is quite helpful. 


Following the “proof by contradiction”, let us assume that the conclusion is false, that is 


the equation ax’ + bx + c =0 has a rational root m/n, where m and nare integers, when 
a, b and c are odd integers. We can assume without loss of generality that m and n do not 
have any factors in common. Then 

a(m/nyY + b(m/n)+c =0 (1) 
Let us try to derive a contradiction from this. 
First let us make this equation simpler, that is, let us get rid of fractions. 


Since n is not equal to 0, multiplying the both sides of (1) by n? , we get 


am? + bmn + cn =0 (2) 


Since m is an integer, it is either even or odd. We are going to consider those cases one by 
one. That is “divide into cases”. 

Let us first consider the case when m is even. 

Then nis odd, since otherwise m and n have a common factor 2. Now am + bmn is even, 
and cr” is odd. 


2 


Hence am? + bmn + en” can not be 0. 


Next let us consider the case when m is odd. 
By an argument similar to the previous case, we can see that n is also odd. 
If mand n are odd, then am , bmn, and cr are all odd, since a, b and c are odd integers. 


However, the sum of three odd numbers can not be equal to 0. 


Thus by assuming that the conclusion is false, we have arrived at a contradiction, that is 
m/n does not satisfy the equation. Hence our assumption must be wrong, and therefore 


the conclusion is correct. 


Example 8: This is another proof type problem and “Working Backward” technique is 
used. 


Problem: Prove that (a+ b+ c)? < 4(ab+ bc+ ca), if a, b, c are three sides of a triangle. 


— 
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Solution: 
Understanding the Problem: This is a “prove” type problem. 
The hypothesis is that a,b and c are three sides of a triangle, and the conclusion is that 


inequality (a + b + cY < 4(ab + be + ca) holds. 


Devising a Solution Plan: Here we try “Working Backward” heuristic. That is 
manipulate the conclusion possibly using the hypothesis and reduce it into something that 
is obviously true. 


First by multiplying out the left hand side of the inequality, 
(a+b+cy =@ +b +e +2 (ab + be + ca). 


Hence if a? + b? +c? <2(ab + be + ca), then the conclusion holds. 
Next, to see what we can try, note that we have not used the hypothesis yet, and see if it 
can help here. It is well known that the sum of two sides of a triangle is greater than the 


third side. 


Hencea+b>c,b+c>a,andc+a>bhold. 

From these we can obtain ¢ (a+ b)>c? „a(b+ c)>a , and b(c + a)> b. 
By adding these three inequalities, we get 

a+b + <alb+c)t+ bc + a)+ c(a + b)=2(ab + be + ca). 
Hence a + b? + <2 (ab + be + ca). 


Hence (a + b + cy <4 (ab + be + ca) holds. 


Example 9: This is a find type problem and “working backward” technique is used. 


Problem: Given a 4 quart pail and a 9 quart pail, obtain 6 quarts of water in the 9 quart 
pail using these two pails. You can fill or empty the pails and you can have as much water 


as you want. 


Solution: 


Understanding the Problem: This is a “find” type problem. 
The problem is to obtain 6 quarts of water in the 9 quart pail using 4 quart and 9 quart 
pails as measures. You can fill either pail from the water source or from the other pail, and 


you can empty the pails my time. 


Devising a Solution Plan: You can solve this in a number of different ways. Here we try 
“Working Backward” heuristic. It starts with the desired solution and work backward step 
by step. At each step we try to find a state that immediately precedes the current state such 
that we can reach the current state from that state with one simple operations such as 
filling a pail or emptying a pail in this problem. We repeat this process until we reach some 


easily reachable state such as empty pails, full pails, one pail full and the other empty, etc. 


Out solution to the original problem is obtained by traversing this process backward to the 


desired state. 
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Let us denote the 9 quart pail by A and the 4 quart pail by B for simplicity. 


In this problem, the desired state is to have 6 qts in A. 


6qts | 
B 


Fig. 11 
Thus in the first step of “working backward”, we ask how we could get to the desired state 
with one operation. 


As one can easily see if we could dump 3 qts from 9 qts in A, then we would have 6 qts in 
A. To be able to dump 3 qts from A we need | qt in B. Thus the state immediately 
preceding the current state is the one where A is full and Bhas 1 qt in it. 


LJ be 


Fig.12 


In the second step, the question we ask is how to get 1 qt in B. 


It does not look easy to get 1 qt in B. So let us see whether or not we can get 1qt in A. If we 
have Iqt in A, then we can certainly get 1 qt in Bwithout any trouble. Thus we might say 
that the third state is to have 1 qt in A. 


| 
B 


A 
Fig.13 


In the third step, the question we ask is how to get 1 qt in A. 
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This is relatively easy to accomplish because all you have to do is to get rid of 8 qts from a 


full A, which can be done by emptying A twice into B. 


5qts | 


A B 
Oqts | | 
A Fig.14 B 


Since this state can be easily reached (all you have to do to get to this state is to fill A with 
water), we stop here. Our solution to the original problem is now obtained by going this 


process backward. 


Thus first we fill up A. Then dump A into Bleaving 5 qts in A. Then dump A into Bagain. 
This gives us 1 qt in A. Pour that into B. Then fill A and empty it into B. We now have 6 
qts in A, which is what is required. 


5.5 Trial and Error Algorithm 


Some complex problems can be solved by a technique that is called trial and error. Trial 
and error is typically good for problems where you have multiple chances to get the correct 
solution. However, this is not a good technique for problems that don't give you multiple 


chances to find a solution. 


An example of situations where you wouldn't want to use trial and error are diffusing a 
bomb or performing an operation on a patient. In these situations, making an error can 
lead to disaster. Trial and error is used best when it is applied to situations that give your 


large amounts of time and safety to come up with a solution. 


In addition to this, trial and error is also a great way to gain knowledge. Basically, a person that 
uses the trial and error method will try to a method to see if it is a good solution. If it is not a good 
solution, they try another option. If the method works, the person using it has acquired. the 
correct solution to a problem. However, there are some situations where there are too many 
options, and it is not feasible for a person to go through all of them to find out which one works 
the best. In this event, a person will want to use the option that has the best possible chances of 
succeeding. If this doesn't work, they can try the next best option until they find a good solution. 
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There are a number of important factors that makes trial and error a good tool to use for solving 
problems. The purpose of trial and error is not to find out why a problem was solved. It is 
primarily used to solve the problem. While this may be good in some fields, it may not work so 
well in others. for example, while trial and error may be excellent in finding solutions to 
mechanical or engineering problems, it may not be good for certain fields which ask “why” a 
solution works. Trial and error is primarily good for fields where the solution is the most 
important factor. This is often the case in math courses which are taught in high school or college. 


Most math teachers place an emphasis on using trial and error to find a solution to 
problems, and many of them don’t spend a whole lot of time explaining “why” a solution 
works. One reason for this is because most math teachers have time constraints. However, 
some students who take advanced math classes in college may learn more about why 
certain solutions work. Another good aspect of the trial and error method is that it does 
not try to use a solution as a way of solving more than one problem. Trial and error is 
primarily used to find a single solution to a single problem. 


Trial and error is not a method of finding the best solution, nor is it a method of finding all 
solutions. It is a problem solving technique that is simply used to find a solution. One of 
the most powerful advantages to this technique is that it does not require you to have a lot 
of knowledge. However, it may require you to have large amounts of patience. Trial and 
error is typically used to discover new drugs, and it also plays an important role in the 
scientific method as well. Some also feel that organic evolution is a form of trial and error, 
because random mutations will occur until they are successful. 


5.6 Brainstorming Algorithm 


Brainstorming can be an effective way to generate lots of ideas on a specific issue and then 
determine which idea — or ideas — is the best solution. Brainstorming is most effective with 
groups of 8-12 people and should be performed in a relaxed environment. If participants 
feel free to relax and joke around, they'll stretch their minds further and therefore produce 


more creative ideas. 


A brainstorming session requires a facilitator, a brainstorming space and something on which 
to write ideas, such as a white-board a flip chart or software tool. The facilitator’s 
responsibilities include guiding the session, encouraging participation and writing ideas down. 


Brainstorming works best with a varied group of people. Participants should come from 
various departments across the organisation and have different backgrounds. Even in 
specialist areas, outsiders can bring fresh ideas that can inspire the experts. 


There are numerous approaches to brainstorming, but the traditional approach is 
generally the most effective because it is the most energetic and openly collaborative, 
allowing participants to build on each others’ ideas. 
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Creativity exercises, relaxation exercises or other fun activities before the session can help 
participants relax their minds so that they will be more creative during the brainstorming 
session. 


5.6.1 Step by Step 


1. Define your problem or issue as a creative challenge. This is extremely important. A 
badly designed challenge could lead to lots of ideas which fail to solve your problem. A 
well designed creative challenge generates the best ideas to solve your problem. Creative 
challenges typically start with: “In what ways might we...?” or “How could we...?” Your 
creative challenge should be concise, to the point and exclude any information other 
than the challenge itself. For example: “In what ways might we improve product X?” or 
“How could we encourage more local people to join our club?” 

2. Give yourselves a time limit. We recommend around 25 minutes, but experience will 
show how much time is required. Larger groups may need more time to get everyone’s 
ideas out. Alternatively, give yourself an idea limit. At minimum, push for 50 ideas. 
But 100 ideas is even better. 

3. Once the brainstorming starts, participants shout out solutions to the problem while the 
facilitator writes them down — usually on a white board or flip-chart for all to see. There 
must be absolutely no criticizing of ideas. No matter how daft, how impossible or how silly 
an idea is, it must be written down. Laughing is to be encouraged. Criticism is not. 

4. Once your time is up, select the five ideas which you like best. Make sure everyone 
involved in the brainstorming session is in agreement. 

5. Write down about five criteria for judging which ideas best solve your problem. 
Criteria should start with the word “should”, for example, “it should be cost effective”, 
“it should be legal”, “it should be possible to finish before July 15”, etc. 

6. Give each idea a score of 0 to 5 points depending on how well it meets each criterion. 
Once all of the ideas have been scored for each criterion, add up the scores. 

7. The idea with the highest score will best solve your problem. But you should keep a record 
of all of your best ideas and their scores in case your best idea turns out not to be workable. 


5.7 Divide and Conquer Algorithm 


In computer science, divide and conquer (D&C) is an important algorithm 
designparadigm based on multi branched recursion. A divide and conquer algorithm 
works by recursively breaking down a problem into two or more sub-problems of the same 
(or related) type, until these become simple enough to be solved directly. The solutions to 
the sub-problems are then combined to give a solution to the original problem. 


This technique is the basis of efficient algorithms for all kinds of problems, such as sorting 
(e.g., quicksort, merge sort), multiplying large numbers (e.g. Karatsuba), syntactic analysis 
(e.g., top-down parsers), and computing the discrete Fourier transform (FFTs). 
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On the other hand, the ability to understand and design D&C algorithms is a skill that 
takes time to master. As when proving a theorem by induction, it is often necessary to 
replace the original problem by a more general or complicated problem in order to get the 
recursion going, and there is no systematic method for finding the proper generalization. 


The name “divide and conquer” is sometimes applied also to algorithms that reduce each 
problem to only one subproblem, such as the binary search algorithm for finding a record 
in a sorted list (or its analog in numerical computing, the bisection algorithm for root 
finding). These algorithms can be implemented more efficiently than general 
divide-and-conquer algorithms; in particular, if they use tail recursion, they can be 
converted into simple loops. Under this broad definition, however, every algorithm that 
uses recursion or loops could be regarded as a “divide and conquer algorithm”. Therefore, 
some authors consider that the name “divide and conquer” should be used only when each 
problem may generate two or more subproblems. The name decrease and conquer has 
been proposed instead for the single-subproblem class. 


Early Historical Examples 


Binary search, a divide and conquer algorithm in which the original problem is 
successively broken down into single subproblems of roughly half the original size, has a 
long history. While a clear description of the algorithm on computers appeared in 1946 in 
an article by John Mauchly, the idea of using a sorted list of items to facilitate searching 
dates back at least as far as Babylonia in 200BC. Another divide and conquer algorithm 
with a single subproblem is the Euclidean algorithm to compute the greatest common 
divisor of two numbers (by reducing the numbers to smaller and smaller equivalent 
subproblems), which dates to several centuries BC. 


An early example of a divide-and-conquer algorithm with multiple subproblems is Gauss’s 
1805 description of what is now called the Cooley-Tukey fast Fourier transform (FFT) 
algorithm,!! although he did not analyze its operation count quantitatively and FFTs did 
not become widespread until they were rediscovered over a century later. 


An early two-subproblem D&C algorithm that was specifically developed for computers 
and properly analyzed is the merge sort algorithm, invented by John von Neumann in 
1945.16] 


Another notable example is the algorithm invented by Anatolii A. Karatsuba in 196017 that 
could multiply two n-digit numbers in O(; n'%823 ) operations. This algorithm disproved Andrey 


Kolmogorov's 1956 conjecture that Qn?) operations would be required for that task. 


As another example of a divide and conquer algorithm that did not originally involve 
computers, Knuth gives the method a post office typically uses to route mail: letters are 
sorted into separate bags for different geographical areas, each of these bags is itself sorted 
into batches for smaller sub-regions, and so on until they are delivered. [4] This is related to 


a radix sort, described for punch-card sorting machines as early as 1929.141 
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5.7.1 Advantages 


Divide and conquer is a powerful tool for solving conceptually difficult problems, such as the 
classic Tower of Hanoi puzzle: all it requires is a way of breaking the problem into sub-problems, 
of solving the trivial cases and of combining sub-problems to the original problem. 


The divide-and-conquer paradigm often helps in the discovery of efficient algorithms. It 
was the key, for example, to Karatsuba’s fast multiplication method, the quicksort and 
mergesort algorithms, the Strassen algorithm for matrix multiplication, and fast Fourier 
transforms. 


In all these examples, the D&C approach led to an improvement in the asymptotic cost of 
the solution. For example, if the base cases have constant-bounded size, the work of 
splitting the problem and combining the partial solutions is proportional to the problem’s 
size n, and there are a bounded number p of subproblems of size ~ n/p at each stage, then 
the cost of the divide-and-conquer algorithm will be O(log n). 


Divide and conquer algorithms are naturally adapted for execution in multi-processor 
machines, especially shared-memory systems where the communication of data between 
processors does not need to be planned in advance, because distinct sub-problems can be 
executed on different processors. 


Divide-and-conquer algorithms naturally tend to make efficient use of memory caches. 
The reason is that once a sub-problem is small enough, it and all its sub-problems can, in 
principle, be solved within the cache, without accessing the slower main memory. An 
algorithm designed to exploit the cache in this way is called cache oblivious, because it does 
not contain the cache size(s) as an explicit parameter.!*! Moreover, D&C algorithms can 
be designed for important algorithms (e.g., sorting, FFTs, and matrix multiplication) to be 
optimal cache oblivious algorithms-they use the cache in a provably optimal way, in an 
asymptotic sense, regardless of the cache size. In contrast, the traditional approach to 
exploiting the cache is blocking, where the problem is explicitly divided into chunks of the 
appropriate size—this can also use the cache optimally, but only when the algorithm is 
tuned for the specific cache size(s) of a particular machine. 


The same advantage exists with regards to other hierarchical storage systems, such as 
NUMA or virtual memory, as well as for multiple levels of cache: once a sub-problem is 
small enough, it can be solved within a given level of the hierarchy, without accessing the 
higher (slower) levels. 


In computations with rounded arithmetic, e.g. with floating point numbers, a 
divide-and-conquer algorithm may yield more accurate results than a superficially 
equivalent iterative method. For example, one can add N numbers either by a simple loop 
that adds each datum to a single variable, or by a D&C algorithm called pairwise 
summation that breaks the data set into two halves, recursively computes the sum of each 
half, and then adds the two sums. While the second method performs the same number of 
additions as the first, and pays the overhead of the recursive calls, it is usually more 
accurate. 
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5.7.2 Implementation Issues 
Divide-and-conquer algorithms are naturally implemented as recursive procedures. In that 
case, the partial sub problems leading to the one currently being solved are automatically 


stored in the procedure call stack. 


Divide and conquer algorithms can also be implemented by a non-recursive program that stores 
the partial sub problems in some explicit data structure, such as a stack, queue, or priority 
queue. This approach allows more freedom in the choice of the sub-problem that is to be solved 
next, a feature that is important in some applications — e.g. in breadth-first recursion and the 
branch and bound method for function optimization. This approach is also the standard 


solution in programming languages that do not provide support for recursive procedures. 


In recursive implementations of D&C algorithms, one must make sure that there is 
sufficient memory allocated for the recursion stack, otherwise the execution may fail 
because of stack overflow. Fortunately, D&C algorithms that are time-efficient often have 
relatively small recursion depth. For example, the quicksort algorithm can be implemented 


so that it never requires more than logon nested recursive calls to sort n items. 


Stack overflow may be difficult to avoid when using recursive procedures, since many 
compilers assume that the recursion stack is a contiguous area of memory, and some 
allocate a fixed amount of space for it. Compilers may also save more information in the 
recursion stack than is strictly necessary, such as return address, unchanging parameters, 
and the internal variables of the procedure. Thus, the risk of stack overflow can be reduced 
by minimizing the parameters and internal variables of the recursive procedure, and/or by 


using an explicit stack structure. 


In any recursive algorithm, there is considerable freedom in the choice of the base cases, 


the small subproblems that are solved directly in order to terminate the recursion. 


Choosing the smallest or simplest possible base cases is more elegant and usually leads to 
simpler programs, because there are fewer cases to consider and they are easier to solve. 
For example, an FFT algorithm could stop the recursion when the input is a single sample, 
and the quicksort list-sorting algorithm could stop when the input is the empty list; in 


both examples there is only one base case to consider, and it requires no processing. 


On the other hand, efficiency often improves if the recursion is stopped at relatively large 
base cases, and these are solved non-recursively. This strategy avoids the overhead of 
recursive calls that do little or no work, and may also allow the use of specialized 
non-recursive algorithms that, for those base cases, are more efficient than explicit 
recursion. Since a D&C algorithm eventually reduces each problem or sub problem instance 
to a large number of base instances, these often dominate the overall cost of the algorithm, 
especially when the splitting/joining overhead is low. Note that these considerations do not 


depend on whether recursion is implemented by the compiler or by an explicit stack. 
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Thus, for example, many library implementations of quicksort will switch to a simple 
loop-based insertion sort (or similar) algorithm once the number of items to be sorted is 
sufficiently small. Note that, if the empty list were the only base case, sorting a list with n 
entries would entail n + 1 quicksort calls that would do nothing but return immediately. 
Increasing the base cases to lists of size 2 or less will eliminate most of those do-nothing 
calls, and more generally a base case larger than 2 is typically used to reduce the fraction of 


time spent in function-call overhead or stack manipulation. 


Alternatively, one can employ large base cases that still use a divide-and-conquer 
algorithm, but implement the algorithm for predetermined set of fixed sizes where the 
algorithm can be completely unrolled into code that has no recursion, loops, or 
conditionals (related to the technique of partial evaluation). For example, this approach is 
used in some efficient FFT implementations, where the base cases are unrolled 
implementations of divide-and-conquer FFT algorithms for a set of fixed sizes. Source 
code generation methods may be used to produce the large number of separate base cases 


desirable to implement this strategy efficiently. 


The generalized version of this idea is known as recursion unrolling and various 


techniques have been proposed for automating the procedure of enlarging the base case. 


For some problems, the branched recursion may end up evaluating the same sub-problem 
many times over. In such cases it may be worth identifying and saving the solutions to 
these overlapping subproblems, a technique commonly known as memorization. Followed 
to the limit, it leads to bottom-up divide-and-conquer algorithms such as dynamic 


programming and chart parsing. 


5.8 Seven Steps to Problem Solving 


“The message from the moon... is that no problem need be considered insolvable.” 


There are seven main steps to follow when trying to solve a problem. These steps are as 


follows: 

Define and Identify the Problem 
Analyze the Problem 
Identifying Possible Solutions 
Selecting the Best Solutions 
Evaluating Solutions 


Develop an Action Plan 


Be OR a Be 


Implement the Solution 


Introduction to Problem Solving 227 


5.8.1 Define and Identify the Problem 


This first step is critical. It is essential for each group member to clearly understand the 
problem so that all energy will be focused in the same direction. A good way to define the 
problem is to write down a concise statement which summarizes the problem, and then 
write down where you want to be after the problem has been resolved. The objective is to 
get as much information about the problem as possible. It may be helpful to divide the 
symptoms of the problem into hard and soft data. 


Soft Data Includes: Feelings, opinions, human factors, attitudes, frustrations, personality 
conflicts, behaviors, hearsay, intuition. 


These steps may not always be pleasant, but after “venting” group participants may feel 
that the air has finally cleared and members can be more rational and cooperative. 


Sometimes information needs to be gathered via various devices to define the problem. 
These devices may include: Interviews, statistics, questionnaires, technical experiments, 
check sheets, brainstorming and focus groups. 


Develop a Problem Statement 


It is essential to develop an objective statement which clearly describes the current 
condition your group wishes to change. Make sure the problem is limited in scope so that 
it is small enough to realistically tackle and solve. Writing the statement will ensure that 
everyone can understand exactly what the problem is. It is important to avoid including 
any “implied cause” or “implied solution” in the problem statement. Remember, a 
problem well stated is a problem half solved. 


5.8.2 Analyze the Problem 


In this stage of problem solving, questions should be asked and information gathered and 
sifted. Do not make the mistake of assuming you know what is causing the problem 
without an effort to fully investigate the problem you have defined. Try to view the 
problem from a variety of viewpoints, not just how it affects you. Think about how the 
issue affects others. It is essential to spend some time researching the problem. Go to the 
library or develop a survey to gather the necessary information. 


5.8.3 Identifying Possible Solutions 
Idea Generation Techniques 


“The best way to have a good idea is to have a lot of ideas.” 


Identifying possible solutions to the problem is sometimes referred to as finding “Optional 
Solutions” because the goal is to complete a list of all conceivable alternatives to the 
problem. Using a variety of creative techniques, group participants create an extensive list of 
possible solutions. Asking each group member for input ensures that all viewpoints will be 
considered. When the group agrees that every course of action on the list will be considered, 
they will feel some direct ownership in the decision making process. This may help put the 
group in the mood of generating consensus later in the decision making process. 
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You may already be familiar with some of these topics, but take the time to look through 


them anyway. The information you will find is valuable to your group's success. 


These idea generation techniques are broken down into easy-to-follow steps that will help 
keep your group organized and on the topic at hand. We are basically giving you 


step-by-step instructions on how to accomplish each technique with ease and success. 


Brainstorming 


Brainstorming is a problem solving approach designed to help a group generate several 
creative solutions to a problem. It was first developed by Alex Osborn, an advertising 
executive who felt the need for a problem solving technique that, instead of evaluating and 


criticizing ideas, would focus on developing imaginative and innovative solutions. 


Steps 
1. A group's members are presented with a problem and all its details. 


2. Members are encouraged to come up with as many solutions as possible, putting aside 
all personal judgments and evaluations. “Piggy-backing” off another person's idea is 
useful. 


3. All ideas are recorded so the whole group can see them. 


Ideas are evaluated at another session. 


Characteristics 


l. Procedure designed to release a group's creativity in order to generate multiple 
imaginative solutions to a problem. 

2. Separates the idea-creation from the idea-evaluation process by not allowing any 
criticism to take place while the group is generating ideas. 

3. May be more productive for each member to brainstorm quietly and then share ideas 
with the group (brainwriting). 

4. Electronic brainstorming puts each member at a computer terminal and their ideas are 


projected to a screen so no one knows from whom an idea came. 


5. Used by businesses and government to improve the quality of decision making. 


5.8.4 Selecting the Best Solutions 

“Decision making can be seen as bringing one into an ambivalent relationship with both 
power and responsibility.” 

Define and Identify the Problem 


The starting point in any conscious attempt at rational decision making must be the 
recognition that a problem exists. While effective meetings are essential to getting work 
done, most meetings leave us still looking for a decision. A good group meeting should 
bring the group members together. It should facilitate decision making, assist others in 
taking responsibility, and contribute to building team effort within the group. 
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The group begins with defining the problem. The group members only discuss the 
definition of terms and how the problem relates to other issues. Identifying the problem is 
very crucial. It is important to not define a problem so broadly that it generates 
never-ending questions. 


5.8.5 Evaluating Solutions 


There are several ways to evaluate the chosen solutions, and writing them all down will 
help the group to choose the best solution to the problem. 


Making a T-Chart to Weigh the Pros and Cons of Each Idea. It is often helpful to make a 
T-chart and ask members of the group to name the pros and cons of each solution. This 
method will visually illustrate the strengths and weaknesses of each solution. 


5.8.6 Develop an Action Plan 
An action plan is a chart that lists the tasks that need to be done and identifies who will be 
responsible for each, when and what action is necessary, where to start, and how. 


Divide the Solution Into Sequential Tasks 

Looking at your solution as one task may seem too great an undertaking. It is much more 
productive to divide it into sequential tasks which act as measurable steps toward the 
solution. When dividing the solution into tasks, be sure to include a timeline, what is to be 
done, and who will do it. 


Develop Contingency Plans 


The best laid plans of mice and men... 


Even the best of plans get stalled, sidetracked, or must be changed midstream because of 
something unforeseen. Most times these circumstances cannot be prevented, but you can 
and should prepare for potential kinks by having a contingency plan. Having such a plan 
will keep the momentum going instead of having to stop and figure out what to do when 
an unplanned event occurs. 


5.8.7 Implement the Solution 

Sometimes the groups who choose the solution are not the ones who will implement it. If 
this is the case, members who select the solution should clearly explain why they selected 
it to the ones who will implement it. Showing that the problem solving process was an 
organized and orderly process will convince others that the solution is valid. 


Monitoring 

A designated member of the group should monitor whether or not specific tasks are being 
performed or short-term targets are being achieved as planned. This monitoring should take 
place regularly until all tasks are completed. Some suggested monitoring techniques are: 
1. Tickler File 


2. Compliance Reports 
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Group Meetings 
Individual Meetings 


Customer/user Interviews 


Quality Control Spot Checks 


3 
4 
5 
6. Surveys and Written Questionnaires 
7 
8. Audit 

9 


Walk through or Role Play 
10. Trend Graph 
11. Checkpoints on Action Plan 
12. Personal Inspection of all Work 
13. Budget Controls 
14. Grapevine 


5.9 Time Complexity 


In computer science, the time complexity of an algorithm quantifies the amount of time 
taken by an algorithm to run as a function of the size of the input to the problem. The time 
complexity of an algorithm is commonly expressed using big O notation, which suppresses 
multiplicative constants and lower order terms. When expressed this way, the time 
complexity is said to be described asymptotically, i.e., as the input size goes to infinity. For 


example, if the time required by an algorithm on all inputs of size n is at most 50 + 3n, 


the asymptotic time complexity is O(n’). 


Time complexity is commonly estimated by counting the number of elementary 
operations performed by the algorithm, where an elementary operation takes a fixed 
amount of time to perform. Thus the amount of time taken and the number of elementary 


operations performed by the algorithm differ by at most a constant factor. 


Since an algorithm may take a different amount of time even on inputs of the same size, 
the most commonly used measure of time complexity, the worst-case time complexity of 
an algorithm, denoted as T(n), is the maximum amount of time taken on any input of size 
n. Time complexities are classified by the nature of the function T(n). For instance, an 
algorithm with T(n)=O(n) is called a linear time algorithm, and an algorithm with 


T(n) =O(2") is said to be an exponential time algorithm. 
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Table of Common Time Complexities 
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The following table summarises some classes of commonly encountered time complexities. 


In the table, poly(x) = OO) i.e., polynomial in x. 


Name Complexity | Running 


Time (T (n)) 


constant time o(1) 

inverse O(n) 

ackermann 

iterated O(log* n) 

logarithmic 

log-logarithmic O(log log n) 

logarithmic DLOGTIME| O(log 7) 

time 

polylogarithmic poly(log n) 

time 

fractional power O(n‘) where 
O<c<l 

linear time O(n) 

“n log star n” O(n log* n) 

linearithmic O(n log n) 

time 

quadratic time Ov?) 


Examples of 


Running 


Times 


10 


log n, log(i) 
Ne 


(log n 


nene 


n 


nlog n, logn! 


we 


Examples of Algorithms 


Determining if a number 


is even or odd 


Amortized time per 


operation using a disjoint set 


Distributed coloring of 
cycles 


Amortized time per 
operation using a bounded 


priority queue!!! 


Binary search 


Searching in a kd-tree 


Finding the smallest item 


in an unsorted array 


Seidel's polygon 
triangulation algorithm. 


Fastest possible comparison 


sort 


Bubble sort; Insertion 
sort 
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cubic time 


polynomial 


time 


quasi-polynomial 
time 


sub-exponential 
time (first 


definition) 


sub-exponential 
time (second 


definition) 
exponential 
time 
exponential 
time 


factorial time 


double 


exponential 


time 


QP 


SUBEXP 


EXPTIME 


2-EXPTIME 


O(n’) 


9 Ollog a) = 


poly(n) n 


a poly(log n) 


O(2”"*) for 
alle >0 


2 poly(n) 


O(n!) 


92 poly(n) 
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nlog n, n!’ 


nos log a nos n 


O(2 log nlog log BY 


IEE MO 


Naive multiplication of 
two nxn matrices. 
Calculating partial 


correlation. 


Karmarkar's algorithm 
for linear programming; 
AKS primality test 


Best-known 

O(log” n)-approximation 
algorithm for the 
directed Steiner tree 


problem. 


Assuming complexity 
theoretic conjectures, 
BPP is contained in 
SUBEXP.!2! 


Best-known algorithm 
for integer factorization 


and graph isomorphism 


Solving the traveling 
salesman problem using 


dynamic programming 


Solving the traveling 
salesman problem via 


brute-force search 


Deciding the truth of a 
given statement in 


Presburger arithmetic 
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5.10 Big O Notation 


In mathematics, computer science, and related fields, big-O notation (also known as big 
Oh notation, big Omicron notation, Landau notation, Bachmann-Landau notation 
and asymptotic notation, and is in some literature denoted by a big calligraphic O, O) 
(along with the closely related big-Omega notation, big-Theta notation, and little o notation) 
describes the limiting behavior of the function when the argument tends towards a 
particular value or infinity, usually in terms of simpler functions. Big O notation 
characterizes functions according to their growth rates: different functions with the same 


growth rate may be represented using the same O notation. 


Although developed as a part of pure mathematics, this notation is now frequently also 
used in the analysis of algorithms to describe an algorithm's usage of computational 
resources: the worst case or average case running time or memory usage of an algorithm is 
often expressed as a function of the length of its input using big O notation. This allows 
algorithm designers to predict the behaviour of their algorithms and to determine which of 
multiple algorithms to use, in a way that is independent of computer architecture or clock 
rate. Because big O notation discards multiplicative constants on the running time, and 
ignores efficiency for low input sizes, it does not always reveal the fastest algorithm in 
practice or for practically-sized data sets, but the approach is still very effective for 
comparing the scalability of various algorithms as input sizes become large. A description 
of a function in terms of big O notation usually only provides an upper bound on the 
growth rate of the function. Associated with big O notation are several related notations, 
using the symbols 0,Q,@and6®, to describe other kinds of bounds on asymptotic growth 


rates. Big O notation is also used in many other fields to provide similar estimates. 
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Exercise 


What do you understand by an algorithm ? 

What is the characteristics of an algorithm ? 

What is an algorithm explain the types of algorithms. 
What is flowchart ? Why use flowcharts ? 

Describe need of flow chart with suitable examples. 


Write short notes: 


(i) Terminal (ii) Input/Output (iii) Decision 
What do you understand by problem solving ? 
What is the mean of trial and error algorithm ? 


What is the Brainstorming algorithm ? 


What is the difference between trial and error algorithm and Brainstorming 


algorithm ? 


What do you understand by time complexity and Big O notations ? 


Chapter 6: Arithmetic Problems 


Arithmetic Problems 


Program 1: Write a program to calculate sum of two integer numbers. 
Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 


{ 
clrser(); 
int nl, n2,sum; 
printf("enter the value of n1 and n2"); 
scanf("%d %d", &n1, &n2); 
sum=n1+n2; 
printf("\n sum=%d",sum); 
getch(); 

} 

Output: enter the value of nl and n2 2 3 

sum=5 
enter the value of nl and n2 101 3000 
sum=3101 


Algorithm: 
Step 1: Read nl, n2, Sum 
Step 2: Input nl, n2 
Step 3: Sum = nl+n2; 
Step 4: Print "Sum" 
Step 5: End 
Fe 
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Flow chart: 


Program 2: Write a program to find out multiplication of two integer numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main() 


{ 
clrser(); 
int nl, n2, mul; 
printf("enter the value of nl and n2"); 
scanf("%d%d",&n1,&n2); 
mul=n1*n2; 
printf("\n Multiplication=%d",mul); 
getch(); 

} 


Output: enter the value of nl and n2 65 
Multiplication = 30 
enter the value of nl and n2 2 3 


Multiplication = 6 


Algorithm: 

Step 1: Read nl, n2, mul 
Step 2: Input nl, n2 
Step 3: mul = nl * n2 
Step 4: Print "mul" 


Step 5: Stop 
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Flowchart: 


mul=n1 *n2 


Program 3: Write a program to find out the multiplication of two integer and three 


floating point. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser( ); 
int nl,n2; 
float n3,n4,n5,mul; 
printf("enter the value of nl, n2, n3, n4 and n5"); 
scanf("%d%d%f%f%F ",&n1,&n2,&n3,&n4,&n5); 
mul=(n1*n2*n3*n4*n5); 
printf("\n Multiplication=%f ",mul); 
getch( ); 
} 
Output: 
enter the value of nl,n2,n3,n4 and n5 
7 8 6.50 66.01 10.05 
Multiplication = 240516.6764 
enter the value of nl,n2,n3,n4 and n5 
8 9 76.00 8.91 12.20 
Multiplication=594817.344 
Algorithm: 
Step I: Read 


(i) int nl, n2 
(ii) float n3, n4, n5, mul 


Step 2: Input 
p| 
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(i) int nl, n2 

(ii) float n3, n4, n5 

Step 3: mul = nl*n2*n3*n4*n5 

Step 4: Print "mul" 


Step 5: Stop 


Flowchart: 


mul=n1*n2*n3*n4*n5 


Program 4: Write a program to find out the division of two integers. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
int n1,n2,div; 
printf("enter the value of nl and n2"); 
scanf("%d%d",&n1,&n2); 
div=n1/n2; 
printf("division=%d",div); 
getch(); 

} 


Output: enter the value of nl andn2 3 2 


division | 


Algorithm: 
Step 1: Read nl, n2, div 
Step 2: Input nl, n2 


OO 
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Step 3: div = nl/n2 
Step 4: Print "div" 
Step 5: Stop 


Flowchart: 


div = nI/n2 


Program 5: Write a program to find out the area of circle. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float r,a_o_c¢; 
float pie= 3.14; 
printf("enter the radius of a circle"); 
scanf("%f",&r); 
a_o_c=pie*r*r; 
printf("\n area of circle=%f",a_o_c); 
getch( ); 
} 


Output: enter the radius of a circle 6 
area of circle=113.04 
enter the radius of a circle 2 


area of circle=12.56 
Algorithm: 
Step 1: Read r, a_o_c, pie = 3.14, 
{r = radius, a_o_c = area of circle} 
Step 2: Input r. 


i 
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Step 3: a_o_c = pie * r * r; 
Step 4: Print "a_o_c"; 


Step 5: Stop 


Flowchart: 


Input r, pie = 3.14 


print "a_o_c" 


Program 6: Write a program to find out the area of a triangle using the following formula: 
area = Js (s — a) (s — b) (s - œ) 
a+b+c 
2 


where s = 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 


void main( ) 


{ 
clrser( ); 
float a,b,c,s,area; 
printf("enter the value of a, b and c"); 
scanf("%f%f%f"",&a,&b,&c); 
s=(at+b+c)/2; 
area=sqrt(s*(s—a) *(s—b)*(s—c)); 
printf("\n s=%f \n area=%f",s,area); 
getch( ); 

} 


Output: enter the value of a,bandc 5 6 4 
s=7.500000 
area=4.962358 
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enter the value of a,bandc 2 3 5 
s=5.000000 
area=5.477226 
enter the value of a,bandc 6 9 8 
s=11.500000 
area= 12.434830 


Algorithm: 

Step 1: Read a,b,c,s, area; 
[where a = one side of a triangle 
b = second side of a triangle 


= third side of a triangle 


Q 


area = area of a triangle] 


Step 2: Input a,b,c 


Step 3: (i) Pe a a 


area aus (s —a) (s —b) (s —c) 
Step 4: Print "s, area" 


Step 5: End 


Flowchart: 


Read a, b, € 


s= (atb+c)/2 
area = Vs(s—a) (s—b) (s—c) 


print "area" 


Program 7: Write a program to find the absolute value of any given number. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 


void main( ) 
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clrser( ); 

float a,i; 

printf("enter the value of a"); 
scanf("%f",&a); 

i=abs(a); 

printf("\n absolute value=%f",i); 
getch( ); 


Output: 
enter the value of a 12.00 
absolute value= 12.000000 
enter the value of 11.323 
absolute value= 1 1.000000 
enter the value of 12.03 
absolute value= 12.000000 


Algorithm: [This algorithm for find the absolute value] 
Step 1: Read i, a [a = floating number] 

Step 2: Input a 

Step 3: i = abs (a) 

Step 4: Print "i" 

Step 5: End 


Flowchart: 


L Reda J 


Stop 


Program 8: Ramesh’s basic salary is input through the keyboard, his dearness allowance 
is 40% of basic salary and house rent allowance is 20% of basic salary. Write a program to 


calculate his gross salary. 
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Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
float bs, hra, da, gs; 
printf("\n Ramesh’s basic salary is="); 
scanf("%f", &bs); 
hra=(bs*20/100); 
da=(bs*40/100); 
printf("\n House rent allowance=%F ",hra); 
printf("\n Dearness allowance=%EF ",da); 
gs=(bst+hra+da); 
printf("Gross salary=%F ",gs); 
getch( ); 
} 
Output: 
Ramesh’s basic salary is=2500 
House rent allowance=500.00 
Dearness allowance= 1000.00 
Gross salary=4000.00 
Ramesh’s basic salary is=2000 
House rent allowance=400.00 
Dearness allowance=800.00 
Gross salary=3200 
Algorithm: 


[bs = basic salary, hra = house rent allowance da = dearness allowance, gs = gross salary] 
Step 1: Read bs, hra, da, gs 
Step 2: Input bs 
Step 3: hra = bs * 20/100; 
da = bs * 40/100; 
gs = bs + hra + da 
Step 4: Print "gs" 
Step 5: Stop 
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Flowchart: 


Read bs 


da = bs*40/100 
hra = bs*20/100 
gs = bst+hra+da 


Program 9: Two numbers are input through the keyboard. Write a program to 


interchange these value. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
printf("a=%d \n b=%d",b,a); 
getch( ); 


Output: 
enter the value of a and b 35 62 
a=62 
b=35 
enter the value of a and b 100 300 
a=300 
b=100 


Algorithm: 
Step 1: Read a, b 
Step 2: Input a, b 


Step 3: a = b; 

b=a; 
Step 4: Print "b,a" 
Step 5: Stop 
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Flowchart: 


Program 10: If a five digit number is input through the keyboard, write a program to 


calculate the sum of its digits. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr( ); 
int a,b,c,d,e,sum; 
printf("enter a five digit number"); 
scanf("%d", &a); 
b=a%10; 
a=a/10; 
c=a%10; 
a=a/10; 
d=a%10; 
a=a/10; 
e=a%10; 
a=a/10; 
sum=(at+b+c+d+e); 
printf("\n sum=%d",sum); 
getch( ); 


Output: 
enter the five digit number 12345 
sum=15 
enter the five digit number 56781 
sum=27 


Algorithm: 
Step I: Read a,b,c,d,e, Sum 
Step 2: Input a 
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Step 3: b = a%10; 


a = a/10; 
c = a%10; 
a= a/10; 
d = a%l10; 
a = a/10; 
e = a%10; 
a = a/10; 


Step 4: Sum = (a+b+c+d+e) 
Step 5: Print "Sum" 
Step 6: End 


Flowchart: 


b=a%10; 
a=a/10; 
c=a%l10; 
a=a/10; 
d=a%10; 
a=a/10; 
e=a%10; 
a=a/10; 
sum=a+b+c+d+e 


Program 11: Two integer numbers are input through the keyboard. Write a program 


find out the greater number. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser ( ); 
int x,y; 
printf("enter the value of x and y"); 
scanf("%d%d",&x,&y); 


se 
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if(x>y) 

printf ("x is greater"); 
if(y>x) 

printf("y is greater"); 
getch( ); 


Output: 
enter the value of x and y 20 16 
x is greater 
enter the value of x and y 68 
y is greater 


Algorithm: 

Step I: Read x, y 
Step 2: Input x, y 
Step 3: if (a>b) 


Print "a is greater" 


if (b>a) 

Print "b is greater" 
Step 4: End 
Flowchart: 


print "a is geater" 


Program 12: Two integer number are input through the keyboard, write a program to 


find out the greatest number. 


Solution: #include<stdio.h> 


#include<conio.h> 
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void main( ) 
{ 
clrser( ); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
if(a>b) 
{ 


printf("a is greater"); 


else 
{ 
printf("b is greater"); 
} 
getch( ); 


Output: enter the value of a and b 25 40 
b is greater 
enter the value of a and b 39 29 


a is greater 


Algorithm: 

Step 1: Read a,b 

Step 2: Input a,b 

Step 3: if (a>b) 
print "a is greater" 
otherwise 
print "b is greater" 


Step 4: End 


Program 13: The current year and the year in which the employee joined the 
organization are entered through the keyboard. If the number of years for which the 
employee has served the organisation is greater than 3 then a bonus of Rs. 2500/- is given 
to the employee. If the years of service is not greater than 3, than the program should not 
do anything. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
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clrser( ); 

int bonus, y _ 0_j;c-y/y_o_s; 

printf("enter the year of joining and current year"); 
scanf("%d %d", Sy _o_j, &c_y); 

y¥0 8 (ey) - 9.) 

iffy __o_s > 3) 

{ 


bonus=2500; 
printf("%d", bonus); 
} 
printf("\n year of services=%d", y _ o _ s); 


getch( ); 


Output: enter the year of joining and current 
year 1998 2008 
bonus=2500 
year of services= 10 
enter the year of joining and current year 2001 2005 
bonus=2500 


year of services=4 
Algorithm: 
[y_o_j = year of joining 
c_y = current year 
y_o_s = years of service] 
Step 1: Read y_o_j, c_y, y_o_s, 
Step 2: Input y_o_j, c_y 


Step 3: y_o.s =c_y-y_oj; 


if (y_o_s > 3) 
Print "bonus = 2500" 
Print "y_o_s" 


Step 4: End 
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Flowchart: 


Input ¢_y, y_o_j 


yos=cy-y.oj 


> 


yes 


print bonus 


Program 14: If the basic salary is less than Rs. 1500, then HRA is 10% of basic salary and 
DA is 90% of basic salary. If his either equal to or above Rs. 1500, then HRA is Rs. 500/- 
and DA is 98% of basic salary. If the employee’s salary is input through the keyboard. 
Write a program to find his gross salary. 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
float da, hra, bs, gs; 
printf("enter the basic salary"); 
scanf("%f ",S&bs); 
if(bs<=1500) 


{ 
hra=(bs*10)/100; 
da=(bs*90)/100; 
} 
else 
{ 
hra=500; 
da=(bs*98)/100; 
} 


gs=dathratbs; 
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Output: 


Algorithm: 


printf("\n basic salary=%f ",bs); 

printf("\n house rent allowance=%f ",hra); 
printf("\n dearness allowance=%f ",da); 
printf("\n gross salary=%f "gs); 

getch( ); 


enter the basic salary 1520.60 
basic salary= 1520.60 

house rent allowance=500.00 
dearness allowance= 1490.187988 
gross salary=3510.788086 

enter the basic salary 1449 

basic salary= 1449.00 

house rent allowance= 144.90 
dearness allowance= 1304.099978 
gross salary=2898.0000 


[where da = dearness allowance 


hra = house rent allowance 


bs = basic salary 


gs = gross salary] 
Step 1: Read bs, hra, da, gs 


Step 2: Input bs 


Step 3: 


(i) if (bs < = 1500) 
hra = bs * 10/100; 
da = bs * 90/100; 


otherwise 


hra = 500 
da = bs * 98/100; 


gs = hra + da + bs; 


Step 4: Print "gs" 


Step 5: End 
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Flowchart: 


hra=500 
da=bs*98/100 


hra=bs* 10/100 fes 
da=bs*90/100 


es=bs+hrat+da 


Program 15: The marks obtained by a student in 5 different subjects are input through 
the keyword. The student gets division as per the following rules: 


(i) percentage above or equal to 60 — First division 
(ii) percentage between 50 and 59 — Second division 
(iii) percentage between 40 and 49 — Third division 
(iv) percentage less than 40 — Fail 


(Assume that each subjects contain 100 marks) 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
int S1,S2,S3,S4,S5; 
float per; 
printf("enter marks is five different subjects"); 
scanf("%d%d%d%d%d", &S1,&S2,&S3,&S4,&S5); 
per=(S1+S2+S3+S4+S5)/5; 
if(per>60) 
printf("First division"); 
else 
if(per>=50 && per<=59) 
printf("\n Second division"); 
else 
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if(per>=40 && per<=49); 
printf("\n Third division"); 
else 

printf("\n Fail"); 

getch( ); 


Output: enter marks in five different subjects 
97 
96 
99 
95 
98 
First division 
enter marks in five different subjects 
55 
54 
56 
54 
52 
Second division 
enter marks in five different subjects 
42 
42 
43 
45 
45 
Third division 
enter marks in five different subjects 
36 
40 
39 
38 
37 
Fail 


Algorithm: 
Step 1: Read int S1, S2, S3, S4, S5 
float per 
Step 2: Input S1, S2, $3, S4, S5 
Step 3: per = (S1+S2+S3+S4+S5)/5; 
Step 4: if (per>=60) 
print "First division" 
otherwise 


— — ~ 


256 Programming Principle & Algorithm 


if (per>=50 && per < = 59) 
print "Second division" 

otherwise 

if (per >=40 && per <=49) 
print "Third division" 


otherwise 
print "Fail" 
Step 5: Print "per" 
Step 6: End 
Flowchart: 


Input S1, $2, $3, S4, $5 


per = (S1+S2+S3+S4+S5)/5 


print "First division” 


No 
Yes 


print "Second division" 


Yes 
print "Third division" 
opine Fait F 


Program 16: Any integer is input through the keyboard. Write a program to find out 


whether it is an odd number or an even number. 
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Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 


Output: 


Algorithm: 
Step 1: Read a 


Step 2: Input a 


clrscr( ); 

int a; 

printf("enter the any integer number"); 
scanf("%d",&a); 

if(a%2==0) 

printf("number is even number"); 

else 

printf("number is odd number"); 
getch( ); 


enter the any integer number 29 
number is odd number 
enter the any integer number 100 


number is even number 


Step 3: if (a%2==0) 


print 


"even" 


otherwise 


print "odd" 


Step 4: End 


Flowchart: 


print "Number is even" 
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Program 17: Write a program to calculate z for the given value of x by the formulas given 


below: 
z = 3x*-7x+ 2, x< 4.7 
z =3x7+21.2x-0.8 x=4.7 
z =3x7+21.3x-16, x>4.7 
Solution: #include<stdio.h> 


#include<conio.h> 
void main( ) 


{ 
clrser( ); 
float x,z; 
printf("enter the value of x"); 
scanf("%f", &x); 
if(x<4.7) 
{ 
z=(3* x* x-7* x42); 
} 
else 
if(x>4.7) 
{ 
z =(3* x* x+ 21.3* x-1.6); 
} 
else 
z =(3* x* x+ 21.2* x — 0.8); 
printf("\n z=%f",z); 
getch( ); 
} 
Output: 
enter the value of x 5 
z=179,.899994 
enter the value of x 3 
z=8.000000 
enter the value of x 4.7 
Z=35.369995 
Algorithm: 


Step I: Read z, x 
Step 2: Input x 
Step 3: if (x < 4.7) 
z =3x -7x+2 
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otherwise 

if (x > 4.7) 
z = 3x" +21.3x-16 

otherwise 


z= 3x7 +21.2x-08 


Step 4: Print "z" 
Step 5: End 


Flowchart: 


: RI] 


print Z 


Program 18: Write a program to display the result when an integer number is input 


through the keyboard. Find out the table of its integer number (using with while loop). 


Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrscr( ); 
int n,i,m; 
printf("enter integer number"); 
scanf("%d",&n); 

———————————————————— eee 
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i=l; 

while(i< =10) 

{ 
m=n*i; 
printf("\n%d*%d=%d",n,i,m); 
i++; 

} 

getch( ); 


Output: 

enter integer number 10 
10*1=10 
10* 2 =20 
10*3 =30 
10* 4=40 
10* 5 =50 
10* 6=60 
10* 7=70 
10* 8=80 
10*9 =90 

10 * 10 =100 
enter integer number 18 
18*1=18 
18* 2 =36 
18*3 =54 
18*4=72 
18* 5 =90 
18*6=108 
18* 7=126 
18* 8=144 
18*9=162 
18* 10 =180 


Algorithm: 

Step 1: Read i, n, m 

Step 2: Input n 

Step 3: (i) initialize i = 1 toi = 10 
increment i =i + 1 


m=n*i 
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Step 4: Print "\n m" 
Step 5: Stop 


Flowchart: 


print "m" 


Program 19: Write a program to find out the sum of first n integer numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int n,i,sum=O0; 
printf("enter the value of n"); 
scanf("%d",&n); 
i=l; 
while(i< =n) 
{ 
sum=sum +i; 
i++; 
} 
printf("\n sum=%d",sum); 
getch( ); 


Output: 
enter the value of n9 
sum=45 
enter the value of n100 
sum=5050 
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Algorithm: 

Step 1: Read n, i, sum = 0 

Step 2: Input n 

Step 3: initialize i = 1 toi<=n 
increment + 1 
sum = sum + i; 

Step 4: Print "sum" 

Step 5: End 


Flowchart: 


> 


Yes 


sum=sum+1 
print "sum" 


Program 20: Write a program to find out the factorial value of given number. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int i,n; 
long int fact; 
printf("enter the number"); 
scanf("%d",&n); 
if(n<0O) 
{ 
oe 
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Output: 


Algorithm: 


printf("Factorial not defined"); 


} 
else 
{ 
fact=1; 
for(i=l; i<=n;i++) 
{ 
fact=fact*i; 
} 
printf("\n Factorial value=%ld",fact); 
} 
getch( ); 


enter the number 5 
Factorial value= 120 
enter the number -1 
Factorial not defined 
enter the number 6 
Factorial value=720 
enter the number 8 


Factorial value=40320 


Step I: Read int i, n 


long int fact = 1 


Step 2: Input n 


Step 3: if (n < 0) 


print "Factorial not defined" 


otherwise 


for (i = 1; i<=n; i++) 


fact = fact * i; 


Step 4: Print "fact" 


Step 5: End 
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Flowchart: 


Print "Factorial 
not defined" 


Program 21: Write a program to calculates Fabonacii series 


O 1 1 2 3 5 8 Tein n 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr( ); 
int a=0,b=1,i,c,n; 
printf("enter the number"); 
scanf("%d",&n); 
printf("%d",a); 
printf("%d",b); 
printf("%d",b); 
for(i=l; i<=n; i++) 
{ 
c=atb; 
printf("\t%d",c); 
a=b; 
b=c; 
} 
printf("\n n=%d",n); 
getch( ); 
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Output: 
enter the number 10 
O0 1 1 2 3 5 8 13 21 34 55 89 144 
n=10 
enter the number 15 
0O 1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987 157 
n=15 
enter the number 5 
0 1412 3 
n=5 


Algorithm: 
Step 1: Read a = 0, b =1, c, i, n 
Step 2: input n 
Step 3: print a, b 
for (i = 1; i < n; i++) 
c=a+b 
print "c" 
a=b 
b=c 
Step 4: End 


Flowchart: 
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Program 22: Find the value of a’. 

Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 


void main() 
{ 
long int a,b,c; 
printf("enter the value of a and b"); 
scanf("%ld, %ld", &a, &b); 
c = pow (a,b); 
printf("%ld", c); 
getch(); 


Algorithm: 

Step 1: Read a, b 
Step 2: Input a, b 
Step 3: c = pow (a, b) 
Step 4: Print "c" 

Step 5: End 


Flowchart: 


c = pow (a,b) 
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Program 23: A five digit integer number are input through the keyboard. Find its reverse 
number. Write an algorithm, make a flowchart and a program. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main() 
{ 
clrser(); 
int a,b,c,d,e; 
print("enter the value of a"); 
scanf("%d", & a); 
b = a%l10; 
a = a/10; 
c = a%l10; 
a = a/10; 
d = a%10; 
a = a/10; 
e = a%10; 
a = a/10; 
printf("%d%d%d%d%d", b, c, d, e, a); 
getch(); 


Output: enter the value of a 
16725 
52761 
enter the value of a 
23712 
21732 


Algorithm: 
Step 1: Read a,b,c,d,e 
Step 2: Input a 
Step 3: b = a mod 10; 
a = a divided by 10; 
c = a mod 10; 
a = a divided by 10; 
d = a mod 10; 
a = a divided by 10; 
e = a mod 10; 
a = a divided by 10; 
Step 4: print "b,c,d,e,a" 


Step 5: End 
Oe 
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Flowchart: 


= a%10 
a/10 
= a%10 
a/10 
a%10 
= a/10 
a%10 
= a/10 


print "b,c,d,e,a" 


Exercise 


Write an algorithm program and make a flow chart for a matrix (order =2 x2). 
Write an algorithm, make a flowchart and program to determine, whether a number 
is prime or not. 


Write an algorithm, a program and make a flow chart to evaluate the power series 


- x2 x y” 
e =l+x4 +—+... 
2! 3! n! 


Write an algorithm, make a flowchart and a program to display all prime numbers 


between one to any number. 


Write an algorithm, make a flowchart an a program to generate the following series 


ee = 
N N N N 


nun 
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Chapter 7: Function 


Unit-6 


Chapter 


l 


Function 


7.1 Function 


A function in C can perform a particular task, and supports the concept of modular 
programming design techniques. When your program is complicated, the function 
declaration divide it into smaller steps and on logics to simplify the complexity of 
program. For this reason, the function are implemented. Also by declaring functions the 
program size get reduced into smaller parts and all the function code are stored in only one 


place in the memory. 


Functions are divided into two parts: 


Function 


Library Function User Defined Function 


l. Library Functions: These are the built-in-functions available in Standard Library of C. 


2. User Defined Functions: These functions are written by the programmer according 
to its need. 
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Calling Program 


Call the Function 


Data 


Function 


Calling 
Program 


Return Called Program 


Fig.l 


Functions are basically special type of programs, which perform a specific task, but don't 
work independently, as main function does. They get executed only when some other 
program calls them. If required, they receive data from the program that had called them 
after processing the data they may or may not return back some value to the program, 


which had called them. The concept of function is illustrated in Fig. 1. 


A function contains name of the function with its type, the formal arguments to be passed 
in the brackets - if any, and the body of the function which contains executable statements. 
Function type function name (data type argl, data type arg2,----- ) 
{ 
body of the function; 
return value; 


} 


Definning a function means writing an actual code for a function which does a specific and 
identifiable task. Suppose, you are defining a function which computes the square of a 
given number. Then you will have to write a set of instructions to do this. There are 


different types of define functions. The following two ways are used for defining functions: 
1. NON-ANSI Style 
2. ANSI Style 


The general form of NON - ANSI function definition is as follows: 
type.name_of_the_function (parameter list) 

parameter definition; 

{ 

variable declaration; 

statement |; 

statement 2; 


statement 3; 
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statement n; 


return (value_completed) 
} 


where 


type > data type of the return value by the function. If nothing is returned to the calling 
function, then data type is void. 


name_of_the_ function > This is user defined function name. It is valid C identifier. 
parameter list — List of variables that receives, the values from the calling function. 
parameter definition —> Type declaration of the variables of the parameter list. 


return > A keyword used to send the output of the function, back to the calling function. 
It is a means of communication from the called function to the calling function. There 
may be one more return statements. When a return is encountered, the control is 
transferred to the calling function. value_completed — The value to be returned to the 


calling function after processing. 
{ > Beginning of the function 


} — End of function. 


Example 1: Write a program in which two integer are input through the keyboard and 
find out the sum of these two integers. 
Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int numl, num2, sum; 
printf("enter the value of num1 and num2"); 
scanf("%d%d",num1, num2); 
sum=addnums(numl,num 2); 
printf("in the sum of %d and %d=%d",num1,num2,sum); 
getch( ); 
} 
int addnums(vall,val2); 


{ 
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int result; 


result=vall +val2; 


return (result); 
} 
Output: 
enter the value of num1 and num2 
25 
50 


The sum of 25 and 50 is = 75 
enter the value of num1 and num2 
100 

2000 

the sum of 100 and 200 is = 2100 


Let us consider the second method of function definition. The general form of the ANSI 
method of function definition is given below: 
type_name_of_the_function (parameter definition) 
{ 
variable declaration; 
statement]; 
statement2; 


statement3; 


statement n; 
return (value_completed); 


} 


Example 2: Write a program in which two integer are input through the keyboard and 


find out the sum of these two integers. 
Solution: #include<stdio.h> 


#include<conio.h> 


void main( ) 


{ 


clrscr(_); 


{ 


int a,b,c; 
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printf("enter the value of a and b"); 
scanf("%d%d"&a,&b); 
c=addnums(a,b); 

printf(" In the sum of %d=%d",a,b,c); 


getch( ); 
} 
int addnums(int d,int e) 
{ 
int sum; 
sum=d+e; 
return(sum); 
} 
Output: enter the value of a and b 25 40 sum = 65 


Example 3: Write a program in which two floating values are input through the 


keyboard and find the largest number of the two. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
float a,b,c; 
float large (float x,float y); 
printf("enter the value"); 
scanf("%f%f",&a,&b); 
printf("\n a=%f\n b=%f",a,b); 
c=large(a,b); 
printf("\n the largest number=%f",c); 
getch( ); 
} 
float large(float x, float y) 
{ 
if(x>y) 
return(x); 
else 


return(y); 
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Output: 
enter the value 
69.20 
70.69 
a=69.20 
b=70.69 
the largest number=70.69 
enter the value 
701.002 
701.030 
a=701.002 
b=701.030 
the largest number=701.030 


7.2 Function Prototypes 


Similar to variables, all functions must be declared before they are used in a program. C 
allows the declaration of a function in the calling program with the help of function 
prototype. The general form a of a function prototype in the calling program is given 
below: 

<type> <name> (arguments); 
where type > The type of value to be returned by the function. 
name —> A user defined name of the function 
argument —> A list of parameters 


; > Semicolon is necessary 


For example, the prototype declarations for the function tri_area ( ), clear ( ) and add ( ) 
can be written as shown below: 

void tri_area( ); 

void clear( ); 


void add(int x, int y); 


It may noted that a function prototype ends with a semicolon. Infact, a function prototype 
is required for those functions which are intended to be called before they are defined. In 
absence of a prototype, the compiler will stop at the function call because, it cannot do the 
type checking of the arguments being sent to the function. Therefore, the main purpose of 
function prototype is to help the compiler in static type checking of the data requirement 


of the function. 
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When we place the function prototype above all the functions (including main ( )); it is 
known as global variable or global prototype. A prototype declared in global 


environment is available for all the functions in the program. 


When we place the function prototype inside the definition of another function, the 
prototype is known as local prototype. Such declarations are primarily used by the 


functions containing them. 


It is a good programming style to have global prototype for adding flexibility and enhance 
documentation. Function prototypes are not mandatory in C. There are desirable, 
however, because these help in error checking between the calls to a function and the 


corresponding function definition. 


7.3 Calling a Function 


A function can be called or involved from another function by using its name. The 
function name must be followed by a set of actual parameters, enclosed in parenthesis 
separated by comma. A function call to function tri_area from the main program can be 


written as: 


tri_area( ); 


This statement will transfer the control to function tri_area. Since this function does not 
require any parameter, the argument list is empty. Similarly, in order to call the function 
clear, the following statement will be sufficient. 


clear( ); 


A complete C program involving the two function tri_area and clear is given below: 
#include <stdio.h> 
#include<conio.h> 
float tri_area( ); 
void clear( ); 
void main( ) 

{ 
clrser( ); 
char ch; 
int flag; 
float Area; 
clear( ); 
flag=0; 
while(flag= =0) 
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Area=tri_area( ); 
printf("\n Area of Triangle=%5.2f",Area); 
printf("\n want to calculate again Y/N"); 
fflush(stdin); 
ch=getchar( ); 
if(ch=='N'::ch=='n') 
flag=1; 
clear( ); 
} 
getch( ); 
} 
float tri_area( ) 
{ 
float base, height, area; 
printf("enter the height and base"); 
scanf("%f%f", cheight, &base); 
area=(0.5)*(base)* (height); 


return (area); 
} 
void clear( ) 
{ 
intl; 


for(i=0; i<=30; i++) 
printf("\n"); 
} 
It may be noted here that when this program is executed, the first statement to be executed 


is the first executable statement of the ‘main’ function of the program. A function will only 


be executed after it is called from some other function. 


Let us consider the following program which declares the variable flag and area outside the 
main function instead of declaring them inside the function main( ) and tri_area( ) 
respectively: 

#include<stdio.h> 

#include<conio.h> 

void tri_area( ); 

void clear( ); 


int flag; 
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float area; 
void main( ) 
{ 
clrscr(_); 
char ch; 
clear( ); 
flag=0; 
while(flag= =0) 
{ 
tri_area( ); 
printf("\n Area of triangle=%5.2 f",area); 
printf("\n want to calculate again Y/N"); 
fflush(stdin); 
ch=getchar( ); 
if(ch=='N'::ch=='n') 
flag=1; 
clear( ); 
} 
getch( ); 
} 
void tri_area( ) 
{ 
float base, height; 
printf("\n enter base and height"); 
scanf("%f%f", cbase, cheight); 
area=(0.5)*(base)* (height); 


} 
void clear( ) 
{ 
int i; 
for(i=0; i<=30; i++) 
printf("\n"); 
} 


A function can be called by specifying its name, followed by a list of arguments enclosed in 
parenthesis and separated by comma. If no arguments, an empty pair of parenthesis must 
follow the function’s name. 
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Example 4: Write a program when integer values are input through the keyboard and to 
find out the largest number. 
Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
void max (int x, int y, int z); 
int a,b,c; 
printf("enter the value of a,b and c"); 
scanf("\n%d%d%d",&a,&b,&c); 
printf("\n a=%d\n b=%d\n c=%d",a,b,c); 
max(a,b,c); 
getch( ); 
} 
void max(int x, int y, int z) 
{ 
int big; 
printf("\n x=%d\n y=%d\n z=%d",x,y,z); 
big=x; 
if(y>big) 
big=y; 
if(z>big) 
big=z; 
printf("\n largest of three numbers is=%d",big); 
} 
Output: 
enter the three value of a, b and c 19 40 50 
a=19 
b=40 
c=50 
x=19 
y=40 
z=50 


largest of three numbers is=50 
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Example 5: Write a program that reads two integer values in the main function and 


computers their sum called add( ). Print out the sum in the main function. 


Solution: #include<stdio.h> 
#include<conio.h> 
int add(int x, int y); 
void main( ) 
{ 
clrscr(_); 
int num1,num2,sum; 
printf("enter the value of num1 and num2"); 
scanf("%d%d",&num1,&num2); 
sum=add(num1,num2); 
printf("\n sum=%d",sum); 
getch( ); 
} 
int add(int x, int y) 
{ 
int temp; 
temp=xty; 


return(temp); 


Output: 
enter the value of numl and num 2 6 8 


sum=14 


Example 6: Write a program with user defined function cube that calculates the cube of 


the integer from | to 10. 


Solution: #include<stdio.h> 
#include<conio.h> 
int cube(int); 


void main( ) 


{ 
clrscr(_); 
int i; 
for(i=1; i<=10; i++) 
printf("\n%d" ,cube(i)); 
getch( ); 

} 
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int cube(int y) 
{ 
return(y“y“y); 


Output: 


216 


512 
721 
1000 


7.4 Scope Rule 


The range of code in a program over which a variable has a meaning is called scope of the 
variable. In simple words the scope of a variable decides how it can be accessed by the 


different parts of the program. 


In fact, there are three types of scopes in C 


Scope 
Local Scope Function Scope File Scope 


7.4.1 Local Scope 
We know that a block in C is surrounded by a pair of curly braces i.e., "{ }". We can declare 
variables inside the block. Such variables are called as local, and can be referenced only 
within the body of the block. When the control of program execution reaches the opening 
brace, these variables comes into existence and get destroyed as soon as the control leaves 
the block through the closing brace. It may be noted that the variables are available to all 
the blocks enclosed by the block in which they have been declared. Consider the following 
declaration: 

while(flag) 

{ 

int x; 
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if(y>x) 
{ 

Int y; 
} 


The scope of variable x in the while block and that of variable y in if-block. Now the 
variable x can also be referenced in the if-block because this block is completely enclosed in 
the while block. On the other hand, the scope of variable y is only the if-block. Since a 


function is a block in itself, all the variables declared in it have the local scope. 


The formal parameters declared in a function have the local scope. 


7.4.2 File Scope 


Since global variables are declared outside all blocks and functions, they are available to all 
the blocks and functions. Thus, the scope of a global variable encompasses the entire 
program file. This type of scope is known as File-scope. For example, the global variables 
some and ‘rate’ shown in fig. have a file scope. 

int rate; 

int some; 

main( ) 

{ 


int total, net; 


} 
int any( ) 
{ 
char ch; 
{ 
int i; 
} 
} 


Fig 2: Scope of variables 
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7.4.3 Function Scope 
The function scope pertains to the variables declared in a function in the sense that a 
variables can be used anywhere in the function in which it is declared. Thus, we can use 


different variables with same names in different functions. 


The scope rules can be summarized as: 


1. A local variable can be accessed only within the block in which it is declared. The local 
variable declared in a function exists only during the execution of the function. 
Therefore, these variables are also called automatic variables because they are 


automatically created and destroyed. 


2. Since global variables are not declared in a particular function, they are available to all 


the functions. Thus, the scope of a global variable encompasses the entire program. 


3. The scope of a formal parameters is local to the function in which it is defined. 


Since a main program could contain many functions, in fact a function can contain other 


functions, one may ask the following questions: 
1. Could a function use a variable declared in the main program ? 


2. Could a main program use a variable declared in one of its function ? 


The scope rules answer these questions. Scope rules tell us if an entity is “visible” or 
accessible of certain places. Thus, places where an entity can be accessed or visible is 


referred to the scope of that entity. 


The simple rules are as follows: 

1. The scope of an entity is the program or function in which it is declared. 

2. A global entity is visible to all contained functions, including the function in which 
that entity is declared. 

3. An entity declared in the scope of another entity is always a different entity even if 


their names are identical. 


7.5 Types of Variables 


Variables are divided into two parts: 


Variable 


Local Variable Global Variable 
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7.5.1 Local Variable 


The local variables are defined inside the function body or in a compound statement other 
than the formal arguments. The scope of such variables is inside the function where they 
are defined. They had no identity outside that function. Identifiers declared as label, 
const, type, variables an even function are defined inside a block which are said to be local 
variables/parameters of that particular block. The example of local variable declaration is: 

long int fact(int n) 

{ 

int i, fact; /*i, fact are local variable */ 


body of function 


} 
7.5.2 Global Variable 


Global variables are defined outside the main( ) function i.e., after the declaration of 
header files. These variables had permanent identity throughout the program. In other 
words, these variables are referred by some data type and by some name throughout the 
program in both the calling portion of the program and in the function also. The initial 
value assigned to the global variables does not change at any course of the program. 
Therefore, it is advisable to take these variables as global whose value does not change in 
the whole program. The example of global variable declaration is: 

#include<stdio.h> 

#include<conio.h> 

int a=50, b=60; /*a and b are global variable */ 


void main( ) 


{ 
void add( ); 
} 
void add( ) 
{ 
int sum; 
sum=atb; 


printf("sum=%d",sum); 
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7.6 Arguments and Parameters 


Argument and parameters are variables used in a function. Variables used in a function 
reference are called arguments. These are written within the parenthesis followed by the 
name of the function. They are also called actual parameters, as they are accepted in the 


main program 


Variables used in the function definition are called parameters. They are also referred to 
as formal parameters, because they are not the accepted values. They receive values from 
the calling function. Parameters must be written within the parameters followed by the 


name of the function, in the function definition. 


Example 7: Write a program which does not accept anything from the keyboard. It 
initialises the variables 1 to 10 outside the main( ) function and value( ). (Using global and 


local variables). 


Solution: #include<stdio.h> 
#include<conio.h> 
int i=10;/*i is Global variable*/ 
void main( ) 
{ 
clrscr(_); 
int j;/* j is local variable */ 
printf("\n i=%d",i); 
j=value(i); /*“Function reference*/ 
printf("\n j=%d", j); 
getch( ); 
} /*end of main*/ 
int value(i) 
int i; 
{ 
int k; /*k is local variable*/ 
k=i+ 10; 
return(k); 
} /*end of function*/ 
Output: i=10 
j=20 
Example 8: Write a program which accepts a character and determine whether it is an 


alphabet, a digit or a special character (using with NON-ANSI style). 
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Solution: #include<stdio.h> 

#include<conio.h> 

void main( ) 

{ 
clrser( ); 
char ch,ct; 
char char is( ); /*function declaration*/ 
printf("enter a character"); 
ch=getchar( ); 
ct=char_is(ch); /*function reference*/ 
if(ct=='A') 
printf("It is an alphabet"); 


else 

if(ct='D') 

printf("\n it is a digit"); 
else 

if(ct=='x') 


printf("\n It is a special character"); 
getch( ); 
} /*end of main*/ 


char char_is(cyar) 


char cyar; 
{ 
if((cyar>='a' && cyar<=/Z/)::(cyar==>'A' && cyar<='Z')) 
return ('A'); 
else 


if(cyar>='0' && cyar<='9') 
return('D'); 
else 
return('X'); 
} /*end of function*/ 
Output: 
enter a character Z 
It is an alphabet 
enter a character 8 
It is a digit 
enter a character $ 


It is a special character. 
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Example 9: Write a program which accepts three sides of a triangle and transfers them 
to a function to compute the area of the triangle (using NON-ANSI style). 


Solution: #include<stdio.h> 
#include<math.h> 
#include<conio.h> 
void main( ) 
{ 
float sidel, side2, side3, Area; 
float tri_area( );/*Function declaration*/ 
clrscr( ); 
printf("enter the value of three sides of a triangle"); 
scanf("%f%f%f"", &side 1,&side2,&side3); 
area=tri_area(side1 ,side2,side3); 
printf("\n Area of triangle=%f",Area); 
getch( ); 
} 
float tri_area(a,b,c) 
float a,b,c; 
{ 
float s, area; 
s=(atb+c)/2; 
area=sqrt(s*(s—a)*(s—b)*(s—c)); 
return (area); 


} /*end of function*/ 


Output: 
enter the value of three sides of a triangle 
3 
3 
4 
Area of triangle = 4.472135955 
enter the value of three sides of a triangle 
5 
3 
4 
Area of triangle = 6.00 
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Example 10: Write a program which accepts two positive integers and find their LCM 
(Lowest Common Multiple) and GCD (Greatest Common Divisior). This uses function to 
compute GCD of two input numbers, then LCM is computed using the formula 
(According to ANSI). 


Solution: #include<stdio.h> 
#include<conio.h> 
int gcd(int k1, int k2); 
void main( ) 
{ 
clrser( ); 
int nl,n2,LCM,GCD; 
printf("enter the value of two integers"); 
scanf("%d%d",&n1,&n2); 
GCD=gcd(n1,n2); 
LCM=(n1*n2)/GCD; 
printf("\n GCD of %d and %d is=%d",n1,n2,GCD); 
printf("\n LCM of %d and %d is=%d",n1,n2,LCM); 
getch( ); 
} 
int gcd(int k1, int k2) 
{ 
int num, den, rem; 
if(kl >=k2) 


{ 
qnum=k1; 
den=k2; 
} 
else 
{ 
num=k2; 
den=kl1; 
rem=(num % den); 
} 
while(rem! =0) 
{ 
num=den, 
den=rem; 


rem=num%den; 


> 
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} 
return(den); 
} 
Output: 
enter the value of two integers 
15 
5 


GCD of 15 and 5=5 

LCM of 15 and 5=15 

enter the value of two integer 
18 

27 

GCD of 18 and 27=18 

LCM of 18 and 27=54 


Example 11: Write a program when two integers are input through the keyboard and 
find out all prime numbers between them. (According to ANSI style). 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void main( ) 

{ 
clrser( ); 
int m,n,temp,i,rem; 
printf("enter the value"); 
scanf("%d%d",&m,&n); 
if(m>n) 
{ 
temp=m; 
m=n; 
n=temp; 
} 
rem=(m%2); 
if(rem==0) 
mtt; 
printf("\n Prime numbers between %d and %d are ..... "m,n); 
for(i=m; i<=n; i+=2) 
{ 


if(isprime(i)) 
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printf("%3d\n",i); 


} 
getch( ); 
} 
int isprime(int k) 
{ 
int limit, td, remain; 
remain=k%2; 
if(remain) 
{ 
td=3; 
limit=sqrt(k); 
while(remain && (td<=limit)) 
remain=k%td; 
td+=2; 
} 
} 
return(remain); 
} 
Output: 
enter the value 15 45 
17 
19 
23 
29 
31 
37 
41 
43 
enter the value 1 50 
1 
3 
5 
7 
lIl 
13 
17 
19 
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23 
29 
31 
37 
4] 
43 
47 


7.7 Parameter Passing in Function 


We have seen that two way communication between functions can be achieved through 
global variables. This technique has its own limitations and drawbacks. Let us, now see 


how this communication between the calling function can be improved and made fruitful. 


The two way communication between the various functions can be achieved through 
parameters and return statement. The set of parameters defined in a function are called 
formal or dummy parameters whereas the set of corresponding parameters by the calling 
function are called actual parameters. For instance the variable a and b in the argument list 
of function add are formal parameters. The parameters included in the function call i.e., 


vall and val2 are main( ) are actual parameters. 


In the above example, you find that arguments are sent to the functions and their values 
are copied in the corresponding function. This is a sort of information interchange 
between the calling function and the called function. This is known as parameter passing. 
It is a mechanism through which arguments are passed to the called function for the 
required processing. There are two methods of parameters passing: 

1. Call by Value 

2. Call by Reference 


7.7.1 Call by Value 


For better understanding of the concept of parameter passing let us consider the function 
big( ) given below. It receives two values as dummy arguments x and y and return back the 
bigger of the two through a return statement: 


int big(int x, int y) 


{ 
if(x>y) 
return x; 
else 
return y; 
} 
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The function big ( ) can be called from the function main ( ) by including the variables a 
and b as the actual arguments of the function call as shown below: 


void main( ) 


P 
int a=40; 
int b=50; 
int C; 
c=big(a,b); 
printf("\n bigger=%d",c); 
} 
Output: 
bigger=50 


When the value of arguments are passed from the calling function to the called function, 
the values are copied into the called function. If any changes are made to the values in the 


called function, there is no change in the original values within the calling function. 


Example 12: Write a program where two integer values are input through the keyboard 


and find out the interchanged values. 


Solution: #include<stdio.h> 
#include<conio.h> 
void exchange(int x, int y); 
void main( ) 
{ 
clrscr(_); 
int a,b; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 
printf("\n a=%d\n b=%d",a,b); 
exchange(a,b); 
printf("\n The exchanged contents are %d and %d",a,b); 
getch( ); 
} 
void exchange(int x, int y) 
{ 
int temp; 
temp=x; 
x=y; 
y=temp; 
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Output: 
enter the value of a and b 
40 
60 
a=40 
b=60 
The exchanged contents are 60 and 40 
enter the value of a and b 90 1000 
a=90 
b=1000 
The exchanged content are 1000 and 90 


The reason for this behaviour is that at the time of function call, the values of actual 
parameters a and b get copied into the memory location of formal parameters x and y of 


the function exchange( ), as in figure.. 


a b 


actual parame ters 


formal parameters 
X y 


Fig.2 


From figure it is clear that the variables x and y have entirely different memory locations 


from variable a and b. 


Therefore, any changes done to the contents of x and y are not reflected back to the 
variable a and b. Thus, the original data remains unaltered. In fact, this type of behaviour 


is desirable from a pure function. 


Since in this type of parameter passing, only the values are passed from the calling 


function to the called function, the technique is called as call by value. 


7.7.2 Call by Reference 

If the programmer desires that the changes made to the formal parameters be reflected 
back to their corresponding actual parameters then he should use call by reference method 
of parameter passing. This technique passes the addresses or references of actual 


parameters to the called function. 


Infact, in the called function, the formal arguments receive the addresses of the actual 


arguments by using pointers to them. 


eo 
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For instance, in order to receive the addresses of actual parameters of int type, the 
exchange( ) function can be rewritten as shown below: 


void exchange(int*val 1 ,int*val2) 


{ 
int temp; 
temp=“*vall; 
*vall =*val2; 
*val2=temp; 
} 


It may be noted that the above function has used two pointers called vall and val2 to 


receive the address of two int type actual parameters. However, initially these are dangling 


pointers as shown in figure. 


Fig.3 


The exchange( ) function would be called from the main( ) function by sending the 
addresses of the actual arguments as shown below: 

exchange (&a, &b); 
After the exchange( ) function is called by the above statement, the address of the actual 
parameters a and b would be assigned to pointers vall and val2 respectively as shown 


below: 


val | val 2 


Fig.4 


Example 13: Write a program when two integer values are input through the keyboard 


and find out the interchanged values. 


Solution: #include<stdio.h> 
#include<conio.h> 
void exchange(int*val] ,int*val2); 
void main( ) 
{ 
e e 
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clrser( ); 

int a,b; 

printf("\n enter two value"); 

scanf("%d%d",&a,&b); 

exchange(&a,&b); 

printf("\n The exchanged contents are : %d and %d",a,b); 


getch( ); 
} 
void exchange(int*val 1 ,int*val2) 
{ 
int temp; 


temp=“*vall; 
*vall =*val2; 


*val2=temp; 


Output: 
enter two value 50 51 


The exchanged contents are 51 50 


Example 14: Write a program which accepts one-dimensional integers and sorts them in 


ascending order. Find out does it involves passing of the array to the function. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int num[100],max,i; 
printf("enter the size of the array"); 
scanf("%d",&max); 
printf("\n enter the variables"); 
for(i=1; i<=max; i++) 
{ 
scanf("%d",&num|[i]); 
} 
sort_nums(num,max); 
printf("sorted numbers are"); 
for(i=1; i<=max; i++) 
{ 
printf("\n%d" num|[i]); 
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} 
getch( ); 
} 
void sort_nums(a,n) 
int al |,n; 
{ 
int i, j,dummy; 
for(i=l; i<=n; i++) 
{ 
for( j=1+1; j<=n; j++) 
{ 
if(ali]>al j]) 
{ 
dummy=al[i]; 
ali]=a[ j]; 
a[ j]=dummy; 
} 
} 
} 
return; 
} 
Output: 
enter the size of the array 5 


enter the variables 26 20 1 0 10 


sorted numbers are : 


enter the size of the array 10 

enter the variables 

100 68 63 98 91 90 92 83 38 101 
sorted numbers are : 

38 

63 

68 

83 

90 
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91 
92 
98 
100 
101 


Example 15: Write a program which accepts a string and computes the length and 


display it in a reverse order. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int str_length( ); 
void rev-str( ); 
char charray[100]; 
int i, nchars; 
puts("\n enter a string"); 
gets("charray"); 
nchars=str_length(charray); 
printf("\n Number of character %s=%d",charry,nchars); 
rev_str( ); 
getch( ); 
} 
int str_length(str) 
char str( ); 
{ 
int i=0,len=0; 
while(str[i]!='0') 
{ 
len+ +; 
i++; 
} 
retum (len); 
} 
void rev_str(str,nc) 
char str[_ ]; 


int nc; 
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int i,count=nc-l; 

char tempstr[100]; 
for(i=(nc-1); i>=0; i- -) 
tempstr(count-i) =str[i]; 


printf("Reversed string is %s=",tempstr); 


Output: 
enter a string 
Anju 
Number of character in Anju=4 
Reversed string is : ujnA 
enter a string 
Anjali 
Number of character in Anjali=6 
Reversed string is : ilajnA 
enter a string 
Anu 
Number of character in Anu=3 
Reversed string is : unA 
enter a string 
Kush 
Number of character in Kush=4 
Reversed string is : hsuK 


7.8 Actual and Formal Arguments 


7.8.1 Actual Argument 
Actual arguments are the parameters/variables defined in the main program. These 
variables are used to place the formal arguments when any function is called. The program 
format showing actual arguments is given below: 

#include<stdio.h> 

#include<conio.h> 


void main( ) 


{ 
clrscr(_); 
int x,y; 
int sum(int x, int y); 
sum(x,y); 
} 
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7.8.2 Formal Argument 
Formal arguments are the parameters declared in the brackets in the function definition 
after the function name. They are also called dummy arguments or parametric variables. 
All the operations are done on these variables, whenever any function is called. The data 
type of the formal parameters should be same as that of actual parameters and they should 
also be in same manner as in the function declaration. The program format showing 
format arguments is given below: 
#include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int a,b; 
int sum(int a, int b); 
sum(a,b); 
} 


int sum(int x, int y) 


7.9 Passing Array to Function 


We can pass entire array from function to another in C. When we pass a simple variable 
other than an array, a copy of data is made and is placed in a memory location associated 
with the receiving variable. There are two copies of data and changing the variable in the 
receiving function does not change the original variable. Whenever, we pass an array, we 
are actually passing the address of the array, C does not make a copy of the entire array but 


merely assigns the same address area and thus its data to a second array name. 


When passing array to any function, the array name is used as an argument for the 
function declaration. No subscripts or square brackets are required to involve/call a 


function having array as their formal arguments. 


Example 16: Write a simple C program showing how to involve a function using an array 
declaration. 
Solution: #include<stdio.h> 
#include<conio.h> 


OO 
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int a| 100],i,n; 


void main( ) 


{ 
clrser( ); 
void input (void); 
input( ); 
getch( ); 
} 
void input(void) 
{ 
int s; 


int add(int a[ ],int n) 
printf("\n how many elements in the array"); 
scanf("%d",&n); 
printf(\n enter the elements"); 
for(i=O; i<n; i++) 
{ 
scanf("%d", Sali); 
} 
s=add(a,n); 


printf("\n the sum of entered array elements is=",s); 


} 
int add (int a[ ], int n); 
{ 
int sum=0; 
for(i=O; i<n; i++) 
{ 
sum=sum-+ali]; 
} 
return(sum); 
} 


Output: 
how many elements in the array 5 
7 1 2 4 5 
the sum of entered array elements is : 19 
how many elements in the array 4 
10 
21 
9 
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10 


the sum of entered array elements is : 50 
Example 17: Write a program from passing an entire array as an arguments. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrser( ); 
int al 100],i; 
int n; 
printf("\n how many elements are present in the array"); 
scanf("%d",&n); 
printf("\n enter the elements"); 
for(i=0; i< n; i ++) 
{ 
scanf("%d",&a[i]); 
getch( ); 
} 
arraypass(a); 
} 
arraypass(int A[ ]) 
{ 
for(i=O; i<n; i++) 
{ 
printf("%d\n",A[i]); 


Output: 
how many elements are present in the array 6 
20 1 3 6 9 10 
20 


10 
how many elements are present in the array 5 
30 10 6 2 O 


OO 
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30 
10 


0 


7.9.1 Function with Arguments and no Return Value 

Here, the called function receives the data from the calling function. The arguments and 
parameters should match in number, data type and order. But, the called function does 
not return any value back to the calling function. Instead, it prints the data in its scope 
only, it is a one way data communication between the calling function and the called 


function. 


These functions receive values from the calling function. They work upon the received 
values within their body and generate some results. They utilize the result themselves and 


they do not send back any value to the calling program. 


Example 18: Write a program to find out the largest number of two integer number 


using function. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
int a,b; 
void largest(int,int); 
printf("enter the value"); 
scanf("%d%d",&a,&b); 
largest(a,b); 
getch( ); 
} 
void largest(int a, int b) 
{ 
if(a>b) 


printf("\n largest element is=%d",a); 
else 
printf("\n largest element is=%d",b); 


Output: 
enter the numbers 20 15 


largest element is=20 
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enter the numbers 20 50 


largest element is=50 


7.9.2 Function with no Argument and Return Value 
Such functions do not get any point input from the calling program but still provide some 
output to it. Since they return some value to the calling program hence their data type is 


governed by the value they return to the calling program. 


Here, the called function does not receive any data from the calling function. It manages 
with its local data to carry out specified task. However, after the specified processing the 
called function returns the computed data to the calling function. It also is one way data 


communication between the calling function and the called function. 


Example 19: Write a program to illustrate the function with no arguments but has a 


return. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 

{ 
clrser( ); 
float sum; 
float total( ); 
sum=total( ); 
printf("\n sum=%d",sum); 
getch( ); 
} 
float total( ) 
{ 
float x, y; 
x=40.00 
y=60.00 
return(x+y); 


Output: 
sum= 100.00 


7.9.3 Function with no Argument and no Return Value 
As the name indicates, these functions neither take any input from the main function nor 
do they return any value to it. They simply perform the task for which the commands have 


been written in their body. 
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Since these functions do not return any value to the main function hence there data type is 


declared as void. 


Here, the called function does not receive any data from the calling function. And, it does 
not return any data back to the calling function. Hence, there is no data transfer between 
the calling function and the called function. 


Example 20: Write a program to illustrate the function with no argument and no return 


value. 


Solution: #include<stdio.h> 
#include<conio.h> 


void main( ) 


{ 
clrser( ); 
read_value( ); 
getch( ); 
} 
read_value( ) 
{ 
char name[100]; 


printf("enter name"); 
scanf("%s" name); 
printf("\n Your name is %s",name); 


Output: 
enter name Swati 


Your name is Swati 


7.10 Compilation 


Compilation is a process in which source program is converted into machine language so 
that it could be executed. 


The process of compilation is performed by special software called compiler. For example, 
C language compile will be required for compiling C language programs. 


Each language suggests standard syntax for all those statements that you write in a 
program. The language remains rigid about the syntax and accepts no variation in that, it 
is likely that while writing the program, programmer may write the syntax incorrectly. 
Such mistakes may go unnoticed at the time of writing the program, they are clearly 
pointed out at the time of compilation by the compiler. All those errors, which occur due 
to wrong syntax, are called syntax errors or compilation errors. 
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Unless all compilation errors are removed, the program can not be executed. To remove 
syntax errors from any program, you have to again edit the given program and correct the 


mistakes. 


Following are some of the examples of syntax errors: 
1. x == y//double == is not valid for assignment 


2. x*y = z//on the left hand side of equality, only variable can appear not the expression. 


7.11 Linking 


Most of the computer languages provide wide variety of pre-written programs, for 
performing common tasks. For example, C language provides pre-written programs to find 
absolute value of a given number, comparing the equality of two strings etc. Such 
programs are referred to as functions. Generally, these functions remain available to the 


programmers in the form of standard libraries. 


Any programmer can make use of these functions in his program by just writing their 


name in specified syntax. 


Linking is the process in which all the library functions are assembled into compiled 


program and one final executable program in generated. 


7.12 Static and Register Variables 


There are four storage classes in C ie., auto, static, extern and register. Storage classes are 


used to define the scope and lifetime of variables and/or functions. 


7.12.1 Static Variables 


These variables hold their values throughout the execution of the program. The keyword 


static is used to declare the static variables. Static variables are classified into two types: 
l. Internal Static Variables 


2. External Static Variables 


7.12.1.1 Internal Static Variables 


Internal static variables are declared inside a function. They are identical to automatic 


variables in the function scope except that they retain values throughout the program. 
Example 21: Write a program to illustrate the working of internal static variables. 


Solution: #include<stdio.h> 


#include<conio.h> 
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void main ( ) 
{ 
clrscr(_); 
int i; 
for(i=1l; i<5; i++) 
{ 
printsum( ); 
} 
getch( ); 
} 
printsum( ) 
{ 
static int sum=0; 
sum=sum+5; 
printf("\n%d",sum); 


Output: 


7.12.1.2 External Static Variables 
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External static variables are declared outside all functions, including the main( ) function. 


They are global variables but are declared with the keyboard ‘static’. The external static 


variables cannot be used across multiple program. 


Example 22: Write a program to illustrate the working of the external static variables. 


Solution: #include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
clrscr(_); 
int k; 
for(k=0; k<4; k++) 
{ 
printf("%d",k); 
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change array ( ); 


getch( ); 
} 
change array( ) 
{ 
int j; 
for( j=0; j<4; j++) 
{ 
j=j+3; 
printf("%d", j); 
} 
Output: 
0 0 0 
5 10 15 20 


7.12.1.3 Register Variable 


Normally the program variables are stored in the main memory. But some programs may 
need variables whose values are stored in the CPU register such variables are called register 


variables. The keyword register is used to declare these variables. 


7.13 Storage Class 


The storage class in C provides the complete information about the location and visibility 
of variables. Scope of a variable means the portion of the program within which it can be 


referenced and lifetime means the time of its existence in the memory. 


Consider the following program segment: 
int i; /* global variable */ 


void main() 


{ 
int i, j;/*local variable*/ 
float a; 
func i() 
} 
func j() 
{ 
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int i, j;/*local variables*/ 


float amount; 


A variable declared outside the main () function can be used by all the functions without 
declaring it and is known as global variable or external variable. A variable declared inside 
a function can be used only inside it and is known as a local variable. Two different 
functions can have the same variable names but these are confined to their own functions 


only. The storage classes are divided into four types: 


Storage Class Purpose 


Automatic Storage Class Variable used as a local variable. This is the default one. 
Initial value of variable is garbage value without 
initialization. 

Static Storage Class Variable used as a local variable. Returns its value during 
next function call. Default initial value is O. 


Register Storage Class Variable used as a local variables. May be stored in register 
if possible. Default initial value is garbage value. 


External Storage Class Variable used as a global variable. Default initial value is O. 


The storage class determines the part of the memory where the variable would be stored 

and how long the storage allocation continues to exist that means how long the variable 

would exist. It also determines the scope of the variable which specifies the part of the 

program where the variable name is visible and the variable is accessible is by the name. 

The storage class also determines the initial value of the variable, if the variable is not 

explicity initialized by any value. Moreover, a variable’s storage class tells us : 

1. Where the variable would be stored. 

2. What will be the initial value of the variable, if the initial value is not specifically 
assigned. 

3. What is the scope of the variable and in which function the value of the variable would 
be available. 


7.13.1 Automatic Storage Class 

Variables declared at the start of a block are automatic variables. Memory is allocated 
automatically upon entity to a block and freed automatically upon exist from the block. 
These variables are accessible only within the block, hence they are called local variables. 
Hence, the scope of the automatic variable are local to the block in which they are defined. 


No block outside the defining block may have direct access to automatic variables. 


eS 
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A variable can be declared as automatic variables by prefixing the keyword auto, such as 

auto int j; 
But it is not required, as by default all variables declared within a function are auto. Hence, 
the following two declaration are same 

int j; 

auto int j; 
Automatic variables declared with initializes are initialized each time when the control 
enters that block within which they are defined: 


Example: 
#include<stdio.h> 
#include<conio.h> 
void main( ) 
{ 
auto block( ); 
autoblock( ); 
} 
autoblock( ) 
{ 
auto x= 10; 
printf("\n value of x at this point %d",x); 
x=x+10; 
} 
Output: 


value of x at this point 10 


value of x at this point 10 


In short the variable declared as automatic storage class have following features: 
1. Storage: Memory 

2. Default initial value: A garbage value 

3. Scope: Local to the block in which it is declared 

4 


. Life: As long as the program control remains within the block in which it is declared. 


7.13.2. Register Storage Class 

The register storage class specifier indicates to the compiler that include the variable 
should reside in the computer system register. But because of the limited size, and number 
of registers available, few variables can actually be put in registers. If the compilers does 
not allocate a system register for storage, then the variable is treated as having automatic 
storage class specifiers. Thus, if you declare any variable having storage class specifier 


register, you cannot be sure that the value would be stored in a CPU register. 


— — ~ 
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A value stored in a CPU register can be accessed faster than the one which is stored in 
memory. Thus, register variables provide certain control over efficiency of program 
execution. Generally, those variables which are used repeatedly, or is used at many places 
in a program or whose access time is critical, may be declared to be of storage class register. 


A good example is to declared loop counters as a register variables. 


The register storage class specifier is legal only for variables declared in a block. You cannot 
use it as a global variables. Also, a register does not have an address. Therefore, you cannot 


apply the address operation (&) to a register variable. 


In short, register variables have following features: 
1. Storage: Registers 

2. Default initial value: A garbage value 

3. Scope: Local to the block in which it is declared. 
4 


Lifetime: As long as the program control remains within the block in which it is 


declared. 


Program: 
main( ) 
{ 
register int i; 
for(i=l; i<=5; i++) 
{ 
printf(" \n register variable"); 


7.13.3 Static Storage Class 


The static storage class provides a lifetime to the variables over the entire program, but it 
restricts the scope of static variables. These variables are declared using the static keyword 
as the class specifier. Default initial value to static variable is zero, ie., static variable is 
automatically initialized to zero when memory is allocated. Static variables retain their 
values even after the block in which they are defined terminates, i.e., their values persist. 
Thus, the value of a static variable in a function is retained between repeated call to the 
same function. Its scope is same as that of the automatic variables i.e., it is local to the 


block in which they are defined. 


Example 24: 
#include<stdio.h> 
void summation( ); 


main( ) 
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{ 
int i; 
printf(" enter any two number to be summed"); 
for(i=0; i<10; i++) 
summation(); 
} 
void summation( ) 
{ 


static int sum=0; 

int number; 

printf(" \n Enter any number"); 
scanf("%d",&number); 
sum=sum+number; 


printf(" \n the current sum is:%d",sum); 


} 


Some features of static storage class can be summarized as: 

1. Storage > Memory 

2. Default initial value > Zero 

3. Scope > Local to the block in which the variable is declared. 
4 


Lifetime — Variable retains its value between different function calls. 


7.13.4 External Storage Class 


All the other storage class variables have limited scope. They are only visible within the 
block in which they are declared. But we may requires some information to be accessible 
throughout the program execution i e.,all the function/blocks uses that particular variable. 
This variable is known as global variables. C language provides external storage class that 
declare any variable as a global variable. 


External variables are declared in the same way any other variables are declared. They may 
be declared outside any function block. Memory are allocated to these variables when the 
program begins execution and the lifetime is until the program terminates. These variables 
are initialized to zero, if explicit initialization is not done i.e., default initial value is zero. 
The scope of these variables are global i.e., the entire program code has accessibility to 
these variables. All functions may access the external variable by its name, but if any 
variable declared within the function have same name, references to the name access the 
local variables. 


Some features of external storage class can be summarized as: 
1. Storage: Memory 


2. Default initial value: Zero 


i 
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3. Scope: In all functions of a program, i.e., global. 


4. Lifetime: Throughout the program execution. 


Example 25: 
#include<stdio.h> 
int summation( ); 
static int sum=0; 
static int 1; 
void main( ) 
{ 
printf("\n Enter any ten numbers to be added"); 
for(i=1l; i<=10; i++) 
summation( ); 
printf("\n\n required sum is %d",sum); 
} 
summation( ) 
{ 
int number; 
printf("\n\n enter %d number", i); 
scanf("%d",&number); 
sum=sum+tnumber; 
return (0); 


} 


In the above program variables sum and i are declared as static external variables. Hence, 


we are able to access "sum" and "i" in both functions main ( ) as well as in summation (). 


Example 26: 

#include<stdio.h> 

void funl( ); 

void fun2( ); 

int x=1; 

void main( ) 

{ 
printf("program to illustrate the scope of external variables"); 
x= 10; 
printf("\n value of x in main function is %d", x); 


fun 1( ); 
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printf("\n value of x in main after returning from fun 1 is %d",x); 
fun 2( ); 


rintf("\n value of x in main after returning from fun 2 is %d",x); 
P 8 


} 
int y; 
fun 1( ) 
{ 
char x; 
x=A: 
y=20; 
printf("value of x and y in fun | is %c and %d respectively",x,y); 
return (0); 
} 
fun 2( ) 
{ 
float y; 
x=52.50; 
¥=75: 


printf("value of x and y in fun 2 is %d and %f respectively",x,y); 


return (0); 


7.14 Recursion 


Recursion is a very powerful programming tool. For a C programmer it is always 
advantageous to him the recursion for shortening the code. Recursion is an actually a 
procedure of repeating some part of the code again and again for specific input. In this 
chapter, we shall see the number of sample programs which will introduce you with how to 


use the recursion. 


Recursion is the use of a routine to repeat one or more actions. A recursion routine is a 
routine that contains a call to itself in the routine body. A recursion routine has three 
parts, in the action, in the recursive and in the base case. When the recursive routine is 
called the first time, it does a part of the task and passes on the reduced task to a new copy 
of the routine. Recursion in computer programming is exemplified when a function is 
defined in terms of itself. Recursion is a process of doing the same task again and again for 
some specific input. This is a very simple definition of recursion. Many objects in 


mathematics are defined by presenting a process to produce that object. 


i 
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Recursion is defined as defining anything in terms of itself. Recursion is used to solve 
problems involving iteration in reverse order. Of course iteration or loop statements helps 
the programmer to carry out certain task, a number of known times or as long as the 
desired condition is true. This is okay with a single statement or a set of statements. But 
how to make a complete function executed repeatedly in terms of itself. Recursion is an 


alternative to iteration in making a function executed repeatedly. 
Recursion: When a method call itself, classic example: the factorial function 


TH) 2S 3ioctstecs (n-1). n 


5!=5+4 
|___4«3! 
L__ 32) 
| 2*1! 
L— i0! 
Recursive definition 
l ifn =0 
f (n) = 
n * f(n-1) else 


As a C method. 
//recursive factorial function 


int factorial(int n) 


{ 

if(n == 0) 

return |; 

else 

return(n *factorial(n—1)); 
} 


316 Programming Principle & Algorithm 


Solved Programs 


Program 1: Write a program to find out the sum of two integer numbers. 


Solution: #include<stdio.h> 
#include<conio.h> 
void readdata( ); 
void valoc( ); 
int a,b,c; 
/*****INPUT THE DATA*****/ 
void readdata( ) 
{ 


printf("enter the value of a, b"); 
scanf("%d%d",&a,&b); 


} 
/***** CALCULATE THE VALUE OF C*****/ 


void valoc( ) 


{ 
c=atb; 
printf("c=%d",c); 
} 
void main( ) 
{ 
clrscr( ); 
readdata( ); 
valoc( ); 
getch( ); 
} 
Output: 
enter the value of a, b 32 65 
c=97 
enter the value of a, b 1000 1236 
c=2236 


Program 2: Write a program to find out the multiplication of two integer number. 


Solution: #include<stdio.h> 
#include<conio.h> 


void readdata( ); 
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? 


void valoc( 


) 
void main( ) 


{ 
clrscr(_); 
readdata( ); 
valoc( ); 
getch( ); 

} 


void readdata( ) 


{ 
int a,b,c; 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 

} 


void valoc( ) 
{ 
int a,b,c; 
c=a*b; 


printf("c=%d",c); 


Output: 
enter the value of a and b 25 
26 
c=650 
enter the value of a and b 52 10 
c=520 
Program 3: Write a program to calculate the following value 
pl = a(b+c) 
p2 = b(c+a) 
p3 = c(a+b) 
p = pl+p2+p3 
ql = a? (b+ 0? 
q2 = b? (c + a)” 
q3 = 2 (a+ b)? 
q=sqrt(q1 +q2+q3); 
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#include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void readdata( ); 
void valop( ); 
void valoq( ); 
void add( ); 
void sub( ); 
float a,b,c,p,q,p1,p2,p3,q1,q2,q3; 
("Input data*****/ 
void readdata( ) 

{ 

printf("Enter the value of a, b, c"); 
scanf("%f%f%f", &a,&b, &c); 

} 

/*****find the value of p*****/ 


void valop( ) 


{ 

pl=(a*(b+c)); 

p2=(b*(c+a)); 

p3=(c*(atb)); 

p=pl+p2+p3; 

printf("\n pl=%f\n p2=%f\n p3=%f\n p=%f",p1,p2,p3,p); 
} 


/******Calculate the value of q******/ 
void valoq( ) 
{ 
ql=((a*a)*((b+c)*(b+c))); 
q2=((b*b)*((c+a)*(c+a))); 
q3=((c*c)*((a+b)*(a+b))); 
q=sqrt(ql +q2+q3); 
printf("\n ql =%f\n q2=%f\n q3=%f\n q=%f",q1,q2,q3,q); 
} 
/****Addition of p and q****/ 
void add( ) 
{ 
printf("\n addition of p and q=%f",p+q); 
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/****Subtraction of p and q****/ 
void sub( ) 
{ 
printf("\n subtraction of p and q—%f",p—q); 
} 
JEENE EEE ERE LER EE LEELA ELE SRL R EE EE LEE | 
void main( ) 
{ 
clrscr(_); 
readdata( ); 
valop( ); 
valoq( ); 
add( ); 
sub( ); 
getch( ); 


Output: 
Enter the value of a,b,c 5 9 8 
pl = 85.000000 
p2 = 117.000000 
p3 = 112.000000 
p = 314.000000 
ql = 7225.000000 
q2 = 13689.000000 
q3 = 12544.000000 
q = 182.915283 
addition of p and q=496.915283 
subtraction of p and q-131.084717 
Enter the value ofa,b,c 9 8 7 
pl = 135.000000 
p2 = 128.000000 
p3 = 119.000000 
p = 382.000000 
ql = 18225.000000 
q2 = 16384.000000 
q3 = 14161.000000 
q = 220.839310 
addition of p and q = 602.839310 
subtraction of p and q-161.160690 


ll 


ll 


ll 


ll 


OO 
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Program 4: Write a function to evaluate and display the area of a triangle whose sides are 


given. The area of triangle with sides a, b and c is given by 


sqrt (s(s—a)(s—-b)(s—c)) where s=a+b+c/2. Use the function to find the area of a triangle. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void readdata( ); 
void valos( ); 
void valoarea( ); 
void valout( ); 
float a,b,c,s,area; 
pee NPUT THE ALL VALUE***#####/ 
void readdata( ) 
{ 
printf("Enter the value of a, b and c"); 
scanf("%f%f%f",&a,&b,&c); 
} 
peer Calculate the value of 5*****#*"*/ 
void valos( ) 
{ 
s=(atb+c)/2; 
} 
/********* Calculate the area of a triangle*********/ 
void valoarea( ) 
{ 
area=sqrt(s*(s—a)*(s—b)*(s—c)); 
} 
peeeeere*Pind out the output" *"4/ 
void valout( ) 
{ 
printf("\n s=%f",s); 
printf("\n area=%f" area); 
} 
[OBIS SCCSSISRISSS ER CEI IGRI EE IRIE / 
void main( ) 
{ 
clrscr(_); 
readdata( ); 


— —— ~ 


Function 


valos( ); 
valoarea( ); 
valout( ); 


getch( ); 


Output: 
Enter the value ofa,bandc 5 8 5 
s=9.000000 
area= 12.000000 
Enter the value of a,b ande 10 15 15 
s=20.000000 
area=70.710678 

Program 5: Write a program to evaluate the ncr given by 
"C,=n!/r!(n—-r)! 


for all values of r by reading the value of n from the keyboard. 


Solution: #include<stdio.h> 
#include<conio.h> 
long ncer(int,int); 


fESPEERE*X*EX Calculation a 


long ner(int n, int r) 


{ 

if(r==0) 

return(1); 

else 

return ((float)(n-r+ 1)/(float)r*ner(n,r-1)); 
} 


[PRESSES SSE put Gata****tt teers / 


void main( ) 
{ 
clrscr(_); 
int n,r; 
printf("Enter the value of n"); 
scanf("%d",&n); 
printf("n r O ncr/n"); 
for(r=0; r<=n; r++) 
printf("\n%ld\t%ld\t%ld\n",n,r,ner(n,r)); 
getch( ); 
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Output: 
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Enter the value of n 6 


Enter the value of n 8 


n r ncr 
6 0 l 
6 l 6 
6 2 15 
6 3 20 
6 4 15 
6 5 6 
6 6 l 

n c ner 

8 (0) l 

8 l 8 

8 2 28 

8 3 56 

8 4 70 

8 5 56 

8 6 28 

8 7 8 

8 8 l 


Program 6: Write a program for finding the factorial of a given number by recursion */. 


Solution: 


#include<stdio.h> 

#include<conio.h> 

long int fact(int); 

void main( ) 

{ 
clrscr(_); 
int n; 
printf("Enter the number whose factorial is required :"); 
scanf("%d",&n); 
printf ("\n Factorial of %d is %d",n,fact(n)); 
getch( ); 
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long int fact(int n) 


{ 
if(n==0) 
return(1); 
else 
return(n*fact(n-1)); 
} 


Output: 
Enter the number whose factorial is required : 5 
Factorial of 5 is 120 
Enter the number whose factorial is required : 10 
Factorial of 10 is 24320 
Enter the number whose factorial is required : 12 
Factorial of 12 is 479001600 


Program 7: Write a program find out the hypotenuse of a triangle. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void readdata( ); 
void valoc( ); 
void valh( ); 
float a,b,c; 
peer Ty put the value 
void readdata( ) 
{ 
printf("\n enter the value of a and b"); 
scanf("%f%f",&a,&b); 
} 
pees Pind the value of CEE 
void valoc( ) 
{ 
c=sqrt((a*a)+(b*b)); 
printf("\n c=%f",c); 
} 
/********** Eind hypotenuse of the triangle 
void valh( ) 
{ 
w “G 


PETRER RREK 


324 Programming Principle & Algorithm 


printf("\n HYPOTENUSE OF THE TRIANGLE=%f" hypot(a,b)); 
} 


[RERTERSEERAAS AES ALE LC CARRERE ARSE Se EE ERE Ee 


void main( ) 


{ 
clrscr(_); 
readdata( ); 
valoc( ); 
volh( ); 
getch( ); 

} 


Output: 
enter the value of a and b 24 7 
c=25.000000 
HYPOTENUSE OF THE TRIANGLE=32.557641 
Program 8: Write a function to determine whether the year is a leap year or not, when 


any year is entered through the keyboard. 


Solution: #include<stdio.h> 

#include<conio.h> 

void readdata( ); 

void calculation( ); 

int a; 

ERETTE ESAS LES EET Ut. tne Veal 8 PPR ete ESA RSS Sy 

void readdata( ) 

{ 
printf("Enter the year:"); 
scanf("%d",&a); 

} 


JEEE EERE ERRER KERRE AEAEE SETAE PE E eSEE aE EEA EE) 


calculation 


void calculation( ) 


{ 
if(a%4==0) 
printf("year is leap year"); 
else 
printf("year is not leap year"); 
} 


[RESERARERALES ERLE ELESRAE ALES SEAL ALERAE ALES EARL ERE LEM | 


void main( ) 


— — ~ 


Function 


Output: 


Program 9: 


Solution: 
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{ 
clrscr(_); 
readdata( ); 
calculation( ); 
getch( ); 

} 


Enter the year : 2003 
year is not leap year 
Enter the year : 2000 
year is leap year 


Write a function power (a, b) to calculate the value of a raised to b. 


#include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void readdata( ); 
void power( ); 

int a,b,c; 


JEEE ERRER EE ARAALAL ETAL EASE ES ES / 


void main( ) 


{ 
clrscr(_); 
readdata( ); 
power( ); 
getch( ); 

} 


[Pi put datat teene 
void readdata( ) 
{ 
printf("Enter the value of a and b"); 
scanf("%d%d%d",&a,&b); 
} 
porene Find poyer eee eH EEE EE REI 
void power( ) 
{ 
c=pow(a,b); 
printf("\n a= %d b=%d power=%d",a,b,c); 
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Output: 
Enter the value of a and b 2 6 
a=2 b=6 power=64 
Enter the value of a and b 20 3 
a=20 b=3 power=8000 


Program 10: Write a program to find out the sum of two matrix using function. 


Solution: #include<stdio.h> 
#include<conio.h> 
void readdata( ); 
void fm( ); 
void sm( ); 
void sum( ); 
void display( ); 
void dfm( ); 
void dsm( ); 
int a[100][100], b[100][100], c[100][100],nor,noc,i,j; 
[POPE Input the number of row and column**********/ 


void readdata( ) 


{ 
printf("Enter the value of row and column in both matrix :"); 
scanf("%d%d",&nor,&noc); 
} 
[PORE nut the element of first matrix**********/ 
void fm( ) 
{ 
printf("Enter the elements of first matrix :"); 
for(i=0; i<=nor; i++) 
{ 
for( j=0; j<=noc; j++) 
{ 
scanf("%d",&ali][ j]); 
} 
} 
} 


[PERS ERS EAE int the element of second matrix EREE eee e EER? 


void sm( ) 


printf("Enter the elements of second matrix:"); 


> 
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for(i=0; i<=nor; i++) 


{ 
for (j=0; j<=noc; j++) 
{ 
scanf("%d",& b[i]L jl); 
} 
} 


} 


[PRSREREEEELECRESAL ESS Reena eee 


sum of both matrix 


void sum( ) 


{ 
for(i=0; i<=nor; i++) 
{ 
for( j=0; j <=noc; j++) 
{ 
ci}[ j]=ali}lj]+bEIL j]; 
} 
} 
} 


[ERRARREREEEEEES di onlay Lesultet ttt Fee Fees ee] 


void display( ) 


{ 
printf("sum of two matrix:"); 
for(i=0; i<=nor; i++) 
{ 
for( j=0; j<=noe; j++) 
{ 
printf("%d",cli][ j]); 
} 
printf("\n"); 
} 
} 


[PORES display the element of first matrix*************/ 


void dfm( ) 

{ 
printf("display the first matrix elements in matrix form"); 
for(i=0; i<=nor; i++) 
{ 


OO 
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printf("%d",a[i}[j]); 
} 
printf("\n"); 


[RERRRAEEREEEEES display the element of second MaAtrix***** Fees eee RE 


void dsm( ) 


{ 
printf("display the elements of second matrix in the matrix form"); 
for(i=0; i<=nor; i++) 
{ 
for( j=0; j<=noc; j++) 
{ 
printf("%d" bli): 
} 
printf("\n"); 
} 
} 


[PEORTAAESIALAS ESLER LATA AA LAA CREEL LEER EES 


void main( ) 
{ 

clrscr(_); 
readdata( ); 
fm( ); 
sm( ); 
sum( ); 
display( ); 
dfm( ); 
dsm( ); 
getch( ); 


Output: 
Enter the value of row and column in both matrix 2 2 
Enter the elements of first matrix : 4 5 6 3 
Enter the elements of second matrix: 1 2 3 4 
sum of two matrix :- 
5 7 
9 7 
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display the elements of first matrix in the matrix form 


4 5 
6 3 
display the second matrix elements in matrix form 
1 2 
3 4 


Program 11: Write a function program to find maximum and minimum value of two 


given numbers. 


Solution: #include<stdio.h> 

#include<stdio.h> 

#include<conio.h> 

void readdata( ); 

void state( ); 

float a,b; 

SEB BE BBE RE EROS ECE EE OT Dut data Sob b nen Erinn rit 

void readdata( ) 

{ 
printf("Enter the value of a and b"); 
scanf("%d%d",&a,&b); 

} 


fF ERSER EERSTE EELS SELLE CO CItION Apply Peete ETE ATE ETRE SEE! 


void state( ) 


{ 
if(a>b) 
printf("\t a is greater"); 
else 
printf("\t b is greater"); 
} 


[PEREERES ASAT RESTATE CREA LAL ERE E EEE EE ERE E S EER eT eee, 


void main( ) 


{ 
clrscr(_); 
readdata( ); 
state( ); 
getch( ); 

} 
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Output: 
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Enter the value ofaandb 5 9 
b is greater 
Enter the value of aandb 236 12 


a is greater 


Program 12: Write a function program to find out table of many integer numbers */. 


Solution: 


#include<stdio.h> 
#include<conio.h> 
void readdata( ); 
void condition( ); 
int a,i,b,j,c; 


JEEEEELELERLES PARA ETARE SE REAL 


input data 
void readdata( ) 


{ 
printf("enter the value of a and b"); 
scanf("%d%d",&a,&b); 

} 

[RRR REE EEE a ly condition" FF FFF FF FEE KEE Ek ERER ES | 


void condition( ) 


{ 
for( j=a; j<=b; j++) 
{ 
for(i=1; i<=10; i++) 
{ 
c=i*); 
printf("\n%d*%d=%d",j,i,c); 
} 
} 
} 


[PETERS AERA SE ELE a EE 


void main( ) 


{ 
clrscr(_); 
readdata( ); 
condition( ); 
getch( ); 

} 
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Output: 
enter the value of aandb 2 3 
2*1=2 
2*2=4 
2*3 =6 
2*4 = 8 
2*5 = 10 
2*6 = 12 
2*7 = 14 
2*8 = 16 
2*9 = 18 
2*10 = 20 
3*1=3 
3°2:= 6 
3*3 =9 
3*4 = 12 
3*5 = 15 
3*6 = 18 
3*7 = 21 
3*8 = 24 
3*9 = 27 
3*10 = 30 


Program 13: Write a program with function for total interest. 


Solution: #include<stdio.h> 
#include<conio.h> 
void putline( ); 
void value( ); 
void putdot( ); 
int i; 
int year=1; period; 
float inrate,sum,principal; 
void main( ) 

{ 
clrser( ); 
putline( ); 


Se 
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value( ); 
getch( ); 
} 
void putline( ) 
{ 
for(i=0; i<=50; i++) 
printf("*") 
printf("\n"); 
} 
void value( ) 
{ 
printf("Enter the value of principal amount, interest and period"); 
scanf("%f%f%d", principal, Sinrerest, &period); 
sum=principal; 
while(year<=period) 
{ 
sum=sum*(1+inrate); 
year=year+ l; 
i 
printf("\n%8.2f\n%5.2f\n%5d\n% 12.2" principal,inrate,period,sum); 
printf ("eee III EI IEA EERIE) 
} 
Output: 


2 fe k fe k k k k k k k k k k k k k k k k k k k k fe k k k k k k k k k k ak k ok ok ok ok ok ok ok ok k K 


Enter the value of principal amount, interest and period 6000 0.15 6 
6000.00 

0.15 

6 

13878.6 


2g fe k o k k k k k k k k k k k k k k k k k k k k fe k k k k k k k k k k ok ok ok ok ok ok ok K 


o k 2K k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k ak k k k ok 


Enter the value of principal amount, interest and period 5000 0.12 5 
5000.00 

0.12 

5 

8811.71 


— —— ~ 
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Program 14: Write a function program for triangle which contains three point (x1, y1), 
(x2, y2) and (x3, y3) and find out the area of a triangle with the help of the formula 


area=sqrt(s(s—a)(s—b) (s—c)) 


where s=a+b+c/2 


and find out types of triangle. 


Solution: #include<stdio.h> 
#include<conio.h> 
#include<math.h> 
void readdata( ); 
void difference( ); 
void equal( ); 
void vals( ); 
void vala( ); 
void ac( ); 
void result( ); 
float x1,x2,x3,y1,y2,y3,d1,d2,d3,a,b,c,s,area; 
void main( ) 

{ 
clrscr( ); 
readdata( ); 


difference( ); 


result( ); 
getch( ); 
} 
peer T Dut the valuet err 
void readdata( ) 
{ 
printf("Enter the value of x1,x2,x3,yl,y2 and y3"); 
scanf ("%f%F%F%F%F%E"", &x1,&x2,&x3,&y1,&y2,&y3); 
} 


[RARER EEEAAERESE TN difference********#* Fe ER ER EE] 


OO 
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void difference( ) 


{ 
dl =sqrt(((x1-x2)*(x1-x2)) + ((yl-y2)*(yl-y2))); 
d2=sqrt(((x2—x3)*(x2-x3)) + ((y2-y3)*(y2-y3))); 
d1 =sqrt(((x3-x1)*(x3-x1)) + ((y3-y1)*(y3-y1))); 
} 


pesenan EE CONVverted Value * %4 eI ONE ARIE 
void equal( ) 
{ 
a=dl; 
b=d2; 
c=d3; 
} 
SoS ESS ESSSREEEECEECEER Nd the value of sob bE 00e 
void vals( ) 
4 
s=(atb+c)/2; 
} 
seereeeereeceeee find the area of a triangle********#"**/ 
void vala( ) 
{ 
area=sqrt(s*(s—a)*(s—b)*(s—c)); 
} 
/Jpeebeneereneceee find type of trianglet = rt 
void ac( ) 
{ 
if(dl==d2 && d2==d3 && d3==d1) 
printf ("ttt EQUILATERAL"); 
else 
{ 
if(dl!=d2 && d2!=d3 && d3!=d1) 
printf("\t\t\t\t SCALENE"); 
else 
{ 
printf ("\t\t\t\t\t ISOSCELES"); 


— —— ~ 


Function 


Output: 
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} 


[RPERERELER EER ER ES Ch Oy all results***#** Fee Fes eee ee 


void result( ) 

{ 
printf("\n d1=%f\n d2=%f\n d3=%f",d1,d2,d3); 
printf("\n a=%f\n b=%f\n c=%f",a,b,c); 
printf("\n s=%f",s); 
printf("\n area=%f" area); 


Enter the value of x1, x2, x3, yl,y2andy3 2 6 5 4 7 8 
sqrt : DOMAIN error 
SCALENE 

dl =5.000000 

d2 = 1.414214 

d3 = 0.000000 

a = 5.000000 

b = 1.414214 

c = 0.000000 

s = 3.207107 

area = +NAN 

Enter the value of xl, x2, x3, yl, y2 and y3 11 10 9 12 25 26 
sqrt : DOMAIN error 
SCALENE 

dl = 14.142136 

d2 = 1.414214 

d3 = 0.000000 

a= 14.142136 

b = 1.414214 

c = 0.000000 

s = 7.778174 

area = +NAN 


10. 
ll. 
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Exercise 


Is it necessary that each program should return a value to the calling function ? 


Can it so happen that sometimes a function returns an integer value and sometimes a 


float value, depending upon the situation ? 
In which situation, will you require a function prototype ? 
Which keyword will be used to declare a variable as automatic variable ? 


Write a program, which accepts two integer numbers in main program and passes 
them to a function. The function calculates cube of both the numbers and their 


values get printed as main function. 

What is meant by passing arguments by value ? Explain using a suitable example. 
Distinguish between: 

(i) Arguments and Parameters 

(ii) Local and Global Variables 


Write a C program to compute the sum of even numbers and sum of odd numbers 


using a function. 


Write a program to find the maximum and minimum element of an one-dimensional 


array using a function. 
What do you understand by recursion ? 


Write short notes: 
(i) Storage classes. 


(ii) Difference between call by value and Call by reference. 
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